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PREFACE. 


WIN I began this Diſſertation, I had 
only in view to repreſent, to the Royal So- 
ciety of Edinburgh, the importance of ex- 
amining ſtrictly thoſe unexpected pheno- 
mena, which had occurred in the aceurate 
experiments of M. de Sauſſure and M. Pic- 
tet; and to ſhow, that thoſe experiments 
did not neceſſarily confute the general theo- 
ries of Heat and Cold, with which, at firſt 


view, they ſeemed to be inconſiſtent. 


But, in purſuing the ſubjects heat and 


cold, that of fire, or the phenomena of burn- 


a ing 


E 
ing bodies, naturally occurred, as being 
ſtrictly connected with the principles upon 
which I then was reaſoning, and therefore 
a proper ſubject for inveſtigation in this 
treatiſe, Thus, the purſuit of one object 
has led to the examination of another ; and 


thus different ſubjeQs have ſucceſſively pre- 


ſented themſelves for diſcuſſion. It is there- 


fore neceſſary to divide this Diſſertation in- 
to ſeveral parts, and to have theſe metho- 
dically arranged according to the order in 
which the connected ſubjects had naturally 


occurred. 


In Diſſertations upon Subjects of Natural 
Philoſophy, when treating of the tranſmiſ- 
ſion of heat, I mentioned the ſubject which 
is to be examined in this treatiſe; and I 
ſtated ſhortly the principles upon which I. 


Am 


1 
am now to reaſon, in developing a theory 


which will explain many of the appearances 


of heat and fire. 


It was only M. de Sauſſure's experiment 
with regard to heat, which I had then in 
view, not having heard of M. Pictet's ex- 
periment with regard to cold. It is this 
laſt experiment, in which there is an ap- 
pearance of reflected cold, that principally 
attracts the attention of philoſophers, the 
appearance being ſo anomalous. But ſure- 
ly this laſt experiment is only to be proper- 
ly explained, upon principles which are to 
be acquired by underſtanding M. de Sauſ- 
fure's experiment with regard to the ap- 
pearance of reflected heat. This, therefore, 
forms the firſt object in the preſent inveſ- 
tipation, 


The 


TW 1 

The doctrine, which is contained in this 
treatiſe, is intereſting to philoſophy; but, 
it is of different kinds, and may not all, 
perhaps, be ſeen, by different perſons, in 
the ſame light. To men of ſcience, i. e. 
who purſue particular branches of know- 
ledge without embracing the whole, the 
firſt and fourth parts of this Diſſertation, 
which treat of ſcience in general, and the 
means of purſuing knowledge, may per- 
haps appear unneccſlary. or ſuperfluous, 
while the other parts, in which J endeg- 
vour to explain particular phenomena, may 
appear to be of ſome importance. They 
may perhaps conceive that I have written 
the firſt and fourth parts merely as intro- 


ductory, or as ſubſervient to thoſe in which 


I give experiment and explanation of ap- 
pearances. My view is very different; I 


wiſh 


11 

wiſh to engage men of ſcience, i. e. thoſe 
who have ſufficient knowledge of the par- 
ticular branches of ſcience, to employ their 
acquired talents in promoting general ſci- 
ence, or the knowledge of that great ſyſ- 
tem, where ends and means are wiſely ad- 
juſted in the conſtitution of the material 
univerſe; and J only, or chiefly, give thoſe 
explanations of phenomena as an illuſtra- 
tion of the doctrine, which upon all occa- 
ſions I have held, with regard to the pur- 
ſuit of ſcience and philoſophy. 


Philoſophy ſurely is the ultimate of hu- 
man knowledge, or the object at which all 
ſcience properly ſhould aim; every ſtep in 
ſcience, therefore, ought to be valued, in 
ſome meaſure, as it tends to bring about 
chat end. Science, no doubt, promotes the 


arts 


31 
arts of life; and it is natural for human 
wiſdom to improve thoſe arts. But, What 
are all the arts of life, or all the enjoyments 
of the mere animal nature, compared with 
the art of human happineſs, —an art which 
is only to be attained by education, and 
which is only brought to perfection by 


Man muſt learn to know 


philoſophy ! 
himſelf; he muſt ſee his ſtation among 
created things; he muſt become a moral 
agent; and he mult inquire after that ſyſ- 
tem in which he had been intended either 
for happineſs, or for miſery, as an end. 
This is what he has to learn; but, it is on- 
ly by ſtudying things in general that he may 


arrive at this perfection of his nature. 


It is impoſſible to form the idea of gene- 
rals except upon the knowledge of particu- 


lars ; 


i 
lars; and, it is upon particular phyſical and 


mathematical truths that natural philoſophy 
muſt found its principles. To philoſophiſe, 


therefore, without proper ſcience, is in vain; 


although it is not in vain to purſue ſcience, 


without proceeding to philoſophy. The 
truths of ſcience are to philoſophy what 
the beams of wood, and the hewn ſtones, 


are to a building. The greateſt collection 
{ 


of thoſe materials does not form a building, 


although that building cannot proceed with- 
out thoſe neceſſary materials ; the building 
requires the operation of the architect, to 


regulate and to adjuſt the whole. 


A man of ſcience and a philoſopher are 


different things, although they both proceed 
in reaſoning ſcientifically, after having diſ- 
tinguiſhed their ideas. The purpoſe of the 


one, 


— 


- * 
— ä — —ẽ— — 


1 


in 


[ viii } 
one, although occaſionally extenſive, is na- 
turally limited, in having a ſubje& which is 
then particular; the purpoſe of the other 
again, though not perhaps unlimited, is, in 
relation to the finite Being man, a univer- 
ſal, and employs that general knowledge 
which ſcience had- provided, in order to 
procure ſomething ſtill more intereſting to 
the perſon, who thus is made for a ſuperior 


enjoyment. Now, this enjoyment 1s the 


ſeeing that there is order and deſign in na- 


ture; and, the finding that there is wiſdom 
and benevolence in that defign, as well as 
power which 1s unlimited. Here is the 
beſt purpoſe for ſtudying nature ;—here is 
that love of wiſdom which is to make the 
intellectual Being happy. Now, it is by ob- 
ſerving facts, by generalifing truths, and by 


_ judging on the whole of things, that this 


knowledge 


[ ix } 


knowledge of nature,—this confidence in 


the CAUSE of our exiſtence, is to be at- 


tained, 


When the great Bacon led the way to 
natural philoſophy, phyſical ſcience was 
deficient ; it had not analyſed natural ob- 
jects, and generaliſed thoſe events which 
conſtitute the actual ſtate of things; it had 


not therefore any principle whereon to 


found a general ſyſtem or deſign. But, 
men would generaliſe; they then imagined 
facts, inſtead of making accurate obſerva- 
tion. Upon ſuch principles as theſe, What 
ſort of philoſophy could be built? At pre- 
ſent, Natural Philoſophy is in a very diffe- 
rent ſtate; facts are not wanting : we ra- 
ther have occaſion to diſpoſe of thoſe ma- 
terials which we poſſeſs. When Natural 

b Philoſophy, 


1 
Philoſophy, for want of ſolid materials, 
built on ſuppoſition and conjecture, the edi- 
ice tumbled down in one place as it was 
raiſed in another; we now have ſome ſolid 
building which will ſtand ; and, we have 


alſo much materials with which to build. 


But, there ſeems to be an opinion pre- 
vailing, viz. That it is too ſoon to philoſo- 
phiſe ;—that we have not at preſent ſuffi- 
cient matters of fact (which are to be learn- 
ed from experience,) in order to philoſo- 
phiſe with ſucceſs. That this is an ill 
founded opinion, will appear from the ſuc- 
ceſs which Natural Philoſophy (however 
little advanced) has already had. Are we 
to wait until all particulars are known, be- 
fore we generaliſe ? This would be equally 


unwile as to attempt to generaliſe before 


we 


1 
we had particulars. It ſhould be conſider- 
ed, that the diſpoſing of one fact, that is, 
the putting it into its proper place in ſcience, 
or the general order of our knowledge, is 
doing more for natural philoſophy, than 
a thouſand experiments made without that 
order of connection or relation which is to 


inform the underſtanding. 


The number of experiments, that are 


to be made, are infinite; but, there is only 
one experiment which, in every caſe, it is 
proper for us to make; and, it is only phi- 
loſophy or general knowledge which is pro- 
per to direct the making of that experi- 
ment. Thus, though natural philoſophy 
requires to have matter of fact, which is 
learned from experience, yet, the indefinite 
collection of facts does not conduct philo- 


ſophy; 


xii 1 


ſophy; but, philoſophy neceſſarily directs 
the making of a proper experiment, which 
is required for the progreſs of the human 
underſtanding in phyſical inquiries. There- 
fore, the properly diſpoſing of one fact, or 
the formation of one ſcientific truth, in the 


generaliſation of our knowledge, is more 


valuable than the indefinite progreſs of ex- 


periment made without the proper purpoſe 


of philoſophy or a wiſe deſign. 


I do not mean to ſay, that natural philo- 
ſophy can proceed one ſtep without the 
ſanction of experiment; we might as well 
have learned aſtronomy without viſion. 
The truth I wiſh to inculcate is this, That, 
in the one caſe as well as in the other, ex- 
perience is the means; and, that it requires 


the ſcience of the ſubject in order to em- 


ploy 


L am ] 
ploy thoſe means to advantage. Therefore, 
natural philoſophy requires no leſs the ge- 
neraliſation of the knowledge which we 
have acquired, than the acquiſition of par- 


ticular knowledge is required for the pur- 


poſe of that generaliſation. 


My purpoſe is to ſhow the difference in 
the ſtate of ſcience and philoſophy ſince 
the time of Bacon. He ſaid properly,— 
Do not attempt to generaliſe until you have 
procured materials by obſervation ;—Do 
not pretend to philoſophiſe until you have 
procured general truths on which to build 
your reaſoning, —Phyſical ſcience was in 
its childhood when he wrote; were he 
now to write he muſt hold another lan- 
guage ; perhaps he would ſay, — To what 
purpoſe make thoſe experiments ?—ls it 


not 


1 


not to generaliſe particulars ?—And, what 


is the uſe of generaliſing particulars ? Is it 


not to find the conformity of more general 


truths! But, thoſe general truths are ſtill 
to be generaliſed, until we arrive at univer- 
ſals, which cannot be farther generaliſed. 
It is then that we may underſtand the wiſ- 
dom of nature, in ſeeing the ends which 
are effected, and perceiving the order of 
thoſe events, or ſeeing the means which 
are employed. This then is a progreſs 
that we never ſhould loſe ſight of; it is to 
ſee the order and deſign of Nature that we 
examine events, which of themſelves teach 
nothing. It is thus that we may ſee how 
to proceed in ſcience with the greateſt ad- 


vantage ; it is thus that we may become 


philoſophers, —men who ſee the wiſdom of 


nature, —men who are wile, in knowing 


how 


11 
how beſt to purſue the object of their de- 


ſire, - and, men who may ſtill be more 
wiſe, in knowing what object it is beſt for 


them to purſue. 


The experiments of M. de Sauſſure and 
M. Pictet, which are to be examined in 


this diſſertation, were no doubt made with 


the moſt ſcientific view, in order to pro- 


mote our knowledge of nature; but, the 
philoſophy of light and heat, which ſhould 
have conducted thoſe experiments, was, in 
my apprehenſion, too deficient to derive 


from them that benefit which otherwiſe 


would have infallibly followed thoſe well 


conducted experiments and accurate obſer- 
vations. The object of this Diſſertation is 
to ſhow, that, with the phyſical knowledge 


which ſcience had acquired, the philoſophy 
of 
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L wil 
of light and heat might have led to other 
concluſions than thoſe which were formed 
on that occaſion ; and therefore, that no- 
thing is more dangerous to philoſophy, 
than the not employing properly the ſcience 
which we poſſeſs, or, the not reaſoning ac- 
curately from the phyſical principles which 


we have acquired. 


Me have a remarkable example of this, 
in chat theory of fire or burning which has 
of late been formed, and, with ſuch plauſi- 
bility or appearance of truth, as has ſeduc- 
ed men of ſcience. But, thoſe chymical 
philoſophers, who at the ſame time have 
greatly advanced ſcience, have not reaſoned 
as they ſhould have done upon their data; 


they have not reaſoned accurately from the 


ſcience which we poſſeſſed before their 


brilliant 


1 
brilliant diſcoveries had enlarged the field 
of chymical knowledge. This is what I 
want to ſhow ; and, this is a ſubje& which 


I have already treated of in another place. 


In my diſſertation upon the ſubject of 
phlogiſton, I have ſhown the error of the 
new antiphlogiſtic theory; for, there I have 
proved, That the light and heat of fire does 
not proceed from the condenſation of vital 
* air in burning, or from any thing that 


might properly be termed calorique; but 


= that it neceſſarily requires another cauſe, 
2 which may be properly termed pblagiſton. 
* This was all I had in view at that time; 
d I did not then attempt to diſtinguiſh, in the 


light and heat of fire, which of theſe was 
to be conſidered as the immediate effect of 


burning. I am now, in this diſſertation, 
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[ xvii ] 
to proceed a ſtep farther; for, I am to 
ſhow that, though heat be neceſſary, in ge- 
neral, to the burning of bodies or kindling 
of fire, it is not heat which is immediately 
produced in fire ; but that it is the ſolar 
ſubſtance, lodged in thoſe phlogiſtic bodies, 


which is then made to emerge in light, and 


to excite that heat which appears on thoſe 


occaſions, as the effect of fire. If 1 ſucceed 


in this, then, not only will that antiphlo- 


giſtic theory of fire be completely refuted, 
but the theory, which I had propoſed, will 
be thus more and more illuſtrated and con- 
firmed. 

But ſtill there is auer part of this ſub- 
ject to purſue, —an inveſtigation moſt in- 
tereſting to Natural Philoſophy. This is, 
to examine that fixed light or principle of 

fire 


1 |] 
fire with regard to gravitation and inertia. 
Theſe are ſubjects upon which natural phi- 
lolophy at preſent has proceeded, and I be- 
lieve muſt always proceed. But I have 
ſhown wherein thoſe principles have been 
aſſumed improperly, in making them too 
general“; and now, in the ſixth part of 
this Diſſertation, I am to add confirmation 


to that doctrine, from experience. 


We only want farther to generaliſe the 
ſubje& of light and heat, ſo far as it has 
been inveſtigated from the phenomena of 
fire, by comparing theſe with what may be 
found in examining the light which comes 
to us immediately from the ſun. Here I 


take a view of the conſtitution of light for 


the 


* See Subjects of Natural Philoſophy, Part III. 
Diff. I. and II. 


i [xx ] 
the purpoſe of this world. This forms the 
ſubject of the ſeventh part, with which the 


1 diſſertation is concluded. 
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PART I. 


General Obſervations with regard to the true 
manner of reaſoning in Phyſical Inquiries, 
illuſtrated in the preſent ſubjef, Light and 
Heat. | 


HAVE been induced to write this Diſ- 
ſertation from a converſation which took 
place among ſome of the Gentlemen of this 
Society, concerning an experiment which 
A ſeems 


2 Phileſophy of Light, Part I, 


ſeems to refute our theory of heat and cold. 
It was then propoſed to repeat and purſue 


ſimilar experiments, as they promiſe to give 
- ſome new light in natural philoſophy, I 


now wiſh to conſider the ſubject in its pre- 
ſent ſtate, in order to ſee how far we have 
any principle, for the explanation of certain 
phenomena which ſeem to be anomalous. 


But, principally, I wiſh to ſhow the erro- 
neous, or inconſequent way of reaſoning, 
which has prevailed in phyſical inveſtiga- 
tion, owing to the not analyſing ſufficient- 


ly our natural, compound, animal ideas; it 


is thus that we proceed to generaliſe things 


which are not then properly diſtinguiſhed, 


One of the facts, which is the ſubject of 


thoſe propoſed experiments, was diſcovered 


in ſome meaſure by accident; at preſent, it 
is only an inſulated event. The object of 
ſcience, therefore, with regard to thoſe ano- 
malous appearances, 1s to place them in the 
order of nature, or that in which they muſt 

ſtand 


Part J. Heat, and Fire. 3 


ſtand in relation to other things. In that 
caſe, ſuch an event would be not only un- 
derſtood in being generaliſed, but it would 
become a principle, in ſerving to explain 
other events. | 


In the ſcience of phyſics, the making an 
experiment is to inquire, at nature, con- 
cerning the truth of a conceived propoſi- 
tion; without that previous conception, of 
order in the courſe of nature, there could 
not be experiment, which implies deſign. 
Thus, there muſt be a certain theory, or ge- 
neraliſation, in the mind of the perſon who 
makes the inquiry; and, it is only in pro- 
portion as the theoretical propoſition and 


experiment are juſtly formed, that ſcience 


will be actually advanced in the reſult. 
Therefore, it is ſo neceſſary to underſtand 
the ſubje& about which we are to inquire 
otherwiſe, the reſult of the experiment, or 
information of nature, might only ſerve to 
miſlead our theory, as will be exemplified 
in the courſe of this inquiry, 


If 
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4 Philoſophy of Light, Part I, 


If experiment, which in the ſcience of 
phyſics is the ſupreme authority, ſhall prove 
to be in oppoſition to the principles upon 
which our theory of heat and cold is built, 
as from what has been alledged it ſeems to 
be, in that caſe, I would wiſh to be the firſt 
who ſhould renounce thoſe erroneous prin- 
ciples, But, Are we, upon the faith of a 
ſolitary experiment, to abandon our theory 
of heat and cold, which is the generaliſation 


of a broad experience? Are we to build a 


new theory upon a ſingle fact, before this 
fact is properly analiſed, in ſeeing every 
circumſtance with which it is connected, 
and before comparing that analiſed fact 
with every other event with which it ſhould 
agree? and, Are we to ſuſpect our prin- 


ciples as being falſe, when we have diſco- 


vered a fact which ſeems to be anomalous ? 
This would be no other than the abſurdity 


of being, at the ſame time, both credulous 
and ſceptical. 


But, while we do not ſuffer ourſelves to 
be 
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be led aſide by novelty, let us alſo avoid the 
oppolite extreme; and let us not, from an 
inordinate confidence in our theory, neglect 
a fact which may procure us ſome new 
principle in our ſcience, 


Firſt, let us endeavour to ſtate the caſe, 
in order to form diſtin& ideas of the ſub- 
ject to be aſcertained by experiment; for, 
without the clear diſtinction of things truly 
diſſimilar in their nature, as well as the pro- 
per aſſimilation of thoſe which ought to be 
generaliſed in our ſcience, we would but 
confound our knowledge, proceed in error, 
and lead at laſt to inconſiſtency in our con- 
cluſions. Thus, inſtead of arriving at phi- 
loſophy, our ſcience would only betray us 
into ſcepticiſm. | 


Philoſophy neceſſarily reſts upon this 
principle, That nature is uniform or con- 
ſiſtent; therefore, an apparent inconſiſtency 
in our experience is not to be raſhly im- 
puted to the order of nature; nor is ſcience 

to 
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to be blamed for the diſcordant opinions of 
generaliſing men: The errors or inadver- 
tencies of man, ſo far from being a proper 
ground for ſcepticiſm, muſt contribute for 
eſtabliſhing the certainty of ſcience, when 
theſe are properly corrected. Therefore it 
is ſo important to underſtand our principles 
which are founded on experiment, as well 
as to make experiment by which our theo- 
ries are to be tried; for, without all that 
accuracy which is required in analiſing and 
in generaliſing truths, the neceſſary reſult 
of our reaſoning muſt be either abſolute 
error in our ſcience, if nature is ſuppoſed 
uniform, or apparent inconſiſtency in na- 
ture, if we. entertain not any diſtruſt with 
regard to our ſcience. 


Nothing is more pernicious to philoſophy 
than the carrying our vulgar notions unan- 
aliſed, into ſcience, where they may be con- 


founded with principles which are of ab- 


ſolute authority. The oppoſite of that er- 
ror, is to form abſtract notions of action 
and 
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and efficiency, without being founded on 
matter of fact, from whence every active, 
as well as every paſſive idea, muſt have its 
origin, and therefore to which, in ſcience, 
all our principles muſt be referred. 


Above all things, ſcience requires the 
moſt diſtint conception of thoſe terms 
which are employed in our reaſoning ; for, 
without ſcientific definition, and a clear 
analyſis of our compound ideas, How are 
we to reaſon accurately in phyſics, any 
more than in mathematics? whereas, by 
analiſing every compound idea which we 
have from nature, ſo as to arrive at the firſt 
principles of thoſe diſtinguiſhed things, and 
by defining all thoſe principles on which 
we reaſon in aflimilating our diftinguiſhed 
ideas, as we do in the ſcience of magnitude, 
figure, and proportion, we ſhould then pro- 


ceed with no leſs certainty in that of weight, 


of heat, and of cold. 


There is perhaps no ſubject in which 
| the 
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the language and ideas of men are more 

vague, or diſtant from true ſcience, than in 

thoſe of heat and cold. The reaſon of this 
will not be difficult to aſſign. Heat is a 
term which is applied in different caſes 3 
for, it is both a principle of action in ex- 
ternal things, and a principle of paffion in 
our ſenſitive mind. But this is only a part 
of that intricacy with which this apparent- 
ly ſimple ſubje& is neceſſarily involved; 
for, when heat is a principle of action in 
external things, there are two different ef- 
fects which occaſionally follow this prin- 
ciple as a cauſe. Firſt, bodies are by heat 
diſtended or expanded in their volume; 
here is one diſtinct effect. Secondly, with- 
out being thus diſtended by heat, bodies, in 
receiving that diſtending cauſe, are made 
to loſe their hardneſs or concretion, and 
become fluid in their ſubſtance; here then 
is an effect diſtinctly different from the 
other; and both of theſe are perfectly dif- 
ferent from the feeling of heat and cold, 
which is the immediate information of the 


ſenſe. 
The 
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The idea of heat is therefore a thing 
more and more complex in its nature, in 
proportion as men of {cience extend their 
views beyond the more limited notions of 
the vulgar, and inquire after cauſes ; and, 
the juſt idea of heat is only to be attained 
after the moſt accurate analyſis of our phy- 
ſical knowledge. No wonder, therefore, 
that we ſhould find the opinions of natural 
philoſophers ſo very different, conſequently 
erroneous, concerning the nature of heat. 


Man, in his ſcientific progreſs, is natu- 
rally liable to error; not from the defect 
of nature, nor from the uncertainty of ſei- 
ence, but from the ſuperior nature and con- 


ſtitution of his growing intelle&, which is 


made to proceed, firſt, by forming opinions 
with regard to things, and then by reaſon- 


ing from thoſe opinions or principles which 
he had formed. 


Having thus to proceed upon his natural 
animal knowledge, firſt, in analyſing it, and 
B finding 
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finding inequalities and diſſimilarities; and, 
fecondly, in generaliſing thoſe diſtinguiſh- 
edsthings, by finding a certain order of 
equality and ſimilarity in things which are 
diverſe, he then reaſons hypothetically, in 
forming propoſitions and concluſions, by 
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THAT employing various media for the diſcovery 

| of truth, Is there any wonder, then, that 

{| error ſhould ereep into the reaſoning of 
HW 


if | our {cience, when human underſtanding is 
+ only made to proceed by ſeeing truth and 


1 falſchood, by diltinguithing fitneſs and un- 
[Wi fitneſs? Surely there is but one way to 
1706 arrive at truth; and this requires to have 
þ the power of diſcovering error. Nothing, 
| ih therefore, is ſo important to the progreſs of 
100 our ſcience, as to ſee thoſe falſe ſteps of 
| il reaſon in which the path of truth had been 
4 | forſaken. | 

4 

| 1 The ſubject which we are here to ex- 
| {| | amine is that of heat and cold, of light and 
ty | burning. Perhaps there is no ſubject in 
| 5 natural philoſophy in which we ſhall find. 
411 | more 
05 

"i 

WH | 


Dre 
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more reaſon to return upon our ſteps, to 
analyſe our knowledge, and to correct thoſe 
vulgar errors, or erroneous notions, into 
which we may have fallen. This then is 
an object of which we are not to loſe ſight. 


In treating of this complicated ſubject, 

I propoſe to ſhow, firſt, that though philo- 
lophers have learned much with regard to 
the affections of light by bodies upon which 
that moving ſubſtance falls, yet, that much 
is to be learned with regard to the recipro- 
cal affection of thoſe bodies, in conſequence 
of the received light. Secondly, that, al- 
though the ſcience of heat has made a great. 
ſtep, not only in meaſuring degrees, but in 
comparing quantities of heat which are to 
have their ſpecific effect in bodies; yet, 
our natural philoſophers, with all the light 
of this improved ſcience, appear to enter- 
tain the moſt inconſiſtent ideas in relation 
to this ſubject, heat, as a principle of bodies, 
or as a quality in nature. Thirdly, that, 
although the nature of cold is not to be. 
diſputed 


| . i 
1 | 
14 IF 12 Philoſophy of Light, Part I; 
114 | | diſputed in a philoſophy that admits the 
I; ö | exiſtence of heat in various degrees, yet, 
1401. no philoſopher has a right to form of this 
I! | a general ptinciple, for the explanation of 
1115 appearances, while he cannot explain how 
115 a negative cauſe ſhould be attended by a 
THOR poſitive effect. 
144 
n 
I 1 
A Laſtly, I propoſe to ſhow, that, although 
| ! | the uſe of fire is brought to ſuch perfection 
4 in the various arts of life, philoſophers, 


who have alſo greatly advanced the ſcience 
of chymiftry, have. committed a miſtake, 
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1 l perhaps the moſt pernicious to natural phi- 
10 loſophy, in aſeribing the appearances of 
i * burning to a cauſe or principle directly op- 
1458 | polite to what is true. In thus aſcertaining 
1114 the true principle of ſire, or proceſs of burn- 
| 1148 ing, we ſhall alſo decide a point which has 
| y | | been of late the ſubject of much ſcientific 
WET controverſy, viz. that there is truly in bo- 
1 | | dies a ſubſtance, which may be properly 
WH! named phlogiſton, as being the cauſe of that 

| | | 1 ght and heat which accompany burning. 
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We are now to take a view of the actual 
opinions of our philoſophers with regard to 
this ſubject, heat; this being the more ne- 
ceſſary, as I have thoſe opinions to refute. 
This will alſo lead us properly to thoſe 
experiments which I am to endeavour to 
explain by a new theory with reſpect to the 
powers of light, 


The great geometrician, M. Lambert, 
conſiders heat as a body capable of ſpecific 
gravity or levity, i. e. a body more or leſs 
expanded. His words are, © Voyons a 
* preſent, de quelle maniere on pourra 
«* enviager la loi ſuivant laquelle la cha- 
* leur decroit en montant. Avant toute 
* choſe il s'agit de ſavoir d'où vient que 


la chaleur monte. Ici, je ne ſais d' autre 


* raiſon, ſinon que le feu eſt ſpecifique- 


ment plus leger que l'air.“ This is not 


conſidering heat, but the effects of heat in 
bodies that are Heated; and this is perhaps 
the idea of almoſt all the natural philoſo- 
phers who have written upon the ſubject; 

although 
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although ſome of them modify that idea; 
in conlidering its actions or affections in 
relation to other bodies. In order to ſee 
this, I will now give what M. de Sauſſure 
has wrote upon the ſubject, Voyages dans 
les Alpes, tome 2. 


« $924. M. De Luc croit auſh, comme 
“% M. Lambert, que le fluide igne eſt plus 
© rare dans les hautes regions de l'air; 
mais par une raiſon bien differente. Le 
* grand geometre de Berlin a cru que le 
feu ſe rarehioit dans le haut de Vathmo- 
« ſphere par l'action de la peſanteur de 


Fair; M. De Luc croit qu'il ſe condenſe 


« dans le bas par ſa propre peſanteur. M. 
Lambert conſidere le feu comme un flu- 
ide diſcret en mouvement, qui ſe rarthe 
„par VaccEleration de ſa viteſſe; et M. 
De Luc le compare a une fluide continu, 
“dont les parties ſe condenſent en ſe com- 
« primant mutuellement.”—Let us now 
examine this idea, in order to ſce how far 
it is juſt. 


This 
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This manner of conſidering heat, as a 


ea, 

in body poſſeſſed of certain qualities, is not 
ſee conſiſtent with our vulgar notions, in 
ure which bodies are conſidered as being abſo- 


ang lutely hot or cold; nor is it a ſcientific at- 
tempt to analyſe thoſe vulgar notions or 

natural ideas to their conſtituent principles. 

me Heat, as an external thing, is only a quali- 
plus ty of bodies; it therefore cannot be that 
alr ; thing which then is qualified ; this would 
Le be loſing the diſtinction of the agent and 
e le the patient, the thing heat as a cauſe, and 


mo- the conſequence of that thing as an effect. 

r de The more, then, that we ſhould reaſon up- 

enſe on ſuch a miſtaken principle, the more we 
M. would proceed in error. 

flu- 

rẽfie Now, to ſuppoſe us knowing heat by 

NM. any other means, beſides its effect in the 


qualifying of bodies, and in the exciting of 
our ſenſation, is to be ignorant of the ſub- 
ject about which we then are reaſoning. 
But, How pernicious to ſcience muſt be 
luch reaſoning, in which heat and cold are 
conſidered 
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conſidered as ſubſiſting in a bodily ſhape ! 
The vulgar notion, that bodies. are: either 
hot or cold, though not a ſcientific idea, or 


perfectly analyſed, cannot be ſaid to be er- 


roneous; for, though the body is not hot 


or cold, it is the cauſe of our ſenſation 
when we thus are made to feel; whereas, 
to conſider heat and cold as things with 
ſenſible or perceptible qualities, ſubſiſting 
independent of the body that may be ſo 
qualified, is purely in error; or, it is in- 
conſiſtent with other conceptions which 
we muſt form in relation to that ſubject. 


Ins phyſical things, where there is ſome- 
thing actual, we know the effect or event, 
that is to ſay, the information of ſenſe, by 
which the action is judged with infallibi- 
lity * ; but we cannot know the thing that 
acts, when we are thus informed Þ ; this 
would be knowing haw we know, which 

is 
gee an Inveſtigation of the Principles of Know- 


ledge, Part II. Sect. VIII. Chap. X. & XI. 
& Ibid. Sect. X. Chap. V. 


do in this caſe; 


Heat, and Fire. 55 
Let us ſee then what we 


Part I. 
is impoſſible, 


Upon certain occafions, as when we ap- 
proach the fire, our ſenſe informs us in a 
particular manner; and this we name Beat, 
which is then purely a ſenſation. But, at 
the ſame time, we perceive a certain con- 
comitant event, as the effect of heat in bo- 
dies, which we conſider as the heat of dif- 
tention, or ſerifible heat; and, in like man- 
ner, we diſtinguiſh another effect, which 
may be properly named the heat of fluidity, 
or latent heat. Now, in all thoſe caſes, 
we know nothing more about this' thing 
which is the cauſe; we judge with cer- 
tainty a thing to have acted; and, in thoſe 
actions, we find rules, by which they are 
aſſimilated or generaliſed ; we then name 
thoſe rules of action the /aws of nature. 
It is this nature, then, which is the external 
thing; this is the cauſe of heat, and light, 
and gravitation; and, is, is the agent by 
which we are informed of power and wiſ- 
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dom infinitely ſuperior to that of which 
we are conſcious in ourſelves. But, from 
all this, we have no right, i. e. no reaſon, 
to Agure to ourſelves either heat, or light, 
or gravitation, which are not bodies, but 
active powers; it would be no leſs prepo- 
ſterous to ſuppoſe ſound to be coloured, 
chan to ſuppoſe heat having volume, al- 
though it be the cauſe of volume in bodies. 


\ 


o 


In that kind of reaſoning which is con- 
ſidered as the common ſenſe of mankind, 
the fire is conſidered as being hot and red, 
and ſnow is thought to be cold and white; 
but, when in ſcience we come to analyſe 
thoſe common notions, we find our, firſt 
generaliſed judgments inconſiſtent with 
matter of fact; it is then that we ſay, with- 
out a paradox, That the fire is not hot, 
« nor the wall white ;” although we truly 
are informed by light and heat. on thoſe 
occalions. But philoſophers, even the moſt 
ingenious, miſtaking the nature of our ſci- 
ence and abſlraQion, as Dr Berkeley has 


done, 
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done, have laid a foundation for ſceptieiſm 


in caſes where our knowledge is moſt evi- 
dent. For, with regard to that pretended 
paradox of Dr Berkeley, heat and white- 
neſs are only paſſions'in our mind ; of this 
then we have the moſt certain knowledge ; 
and ſurely ſome thing muſt act on thoſe 
occaſions, when we are made to receive in- 
formation by ſenſe, although we have no 
farther knowledge of that thing. Now the 
object of ſcience and philoſophy is to in- 
veſtigate the nature of thoſe external ac- 
tions, when we are informed of light, of 
heat, and of cold. 


Our author thus proceeds: Enfin, dans 
la queſtion ſur Videntite du feu et de la lu- 
miere, que M. Lambert n'avoit pas ole 
rẽſoudre, mais vers Paffirmative de laquelle 
on volt bien qu'il penchoit, M. De Luc ſe 
decide pour la negative, et il ſoutient que 
la lumiere eſt un agent incapable par lui- 
meme de réchauffer les corps; mais qui 
met en mouvement le fluide igné qu'ils 


en- 
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renferment, et qui agit avec plus d'efficace 
aupres de la ſurface de la terre, parce que 
ce fluide Elaſtique et peſant y eſt plus con- 
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1 4 denſe qu'3 une plus grande hauteur,” Hiſt, 
110 de la Terre, Tom. V. | 
(HWA 
| II! Here is a queſtion concerning theſe two 
| „ cauſes, light and heat; viz. What theſe 
A two things are of themſelves, independent 
1 ö i! of appearances or of our knowledge con- 
| | 1 cerning them, and how they operate in 
4 1 | producing their effects. Now it muſt he 


evident, that ſuch a queſtion is unſcientific, 
and idle or in vain, ſo far as we cannot 

have immediately the knowledge of any 

phyſical cauſe ; this we only judge from 
the effect, which is then the proper object | 
of our knowledge, We know the nature 

of nothing farther than as it appears to us; 

but, light and heat never appeared to us in 

any bodily ſhape ; theſe are abſtract ideas 
formed by us reaſoning from what appears; 
and it is impoſſible that we can have any 

other 


e in 


ſt be 
tific, 


1nnot ! 
any 
from 
object 
ature | 
O us; 
us in 
ideas 
pears; | 


e any 


other 


other information, of thoſe two cauſes light 
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and heat, than that which is given us by 
ſenſation. It is true that, from the actual 
information which we have by means of 
the ſenſe, we are qualified to draw the. moſt 
poſitive and aſſured judgments with regard 
to the action and efficiency of thoſe. two 
cauſes of our knowledge, in like manner as 
we do with reſpeck to gravitation. or the 
cauſe of weight in bodies ; bur, though we 
are thus properly qualified to purſue ſcience 
without any error or dubiety, it is not al- 
ways that ſcience is thus purſued.. We 
ought therefore to be cautious how we con- 
clude that light and heat, the cauſes of our 


ſenſe, truly exiſt in the manner in which 


we may have formed to ourſelves thoſe ab- 


ſtract ideas, in aſcribing to them qualities 


which they have not. 


Let us now ſee the idea of M. de Sauſ- 


ſure in relation to this ſubject ; it follows 


immediately that which has here been 
quoted. 


(6 $ 935. 
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6 & 935. Pour moi, j'avoue que malgré 
Pautoritè de ces deux phyſiciens celebres, 
je ne ſaurois regarder le feu comme un 
fluide aſſez libre et aſſez independant, pour 
pouvoir, ou s' lever avec rapidité par fa 
Iegerets ſpecifique, ou ſe condenſer ſenſi- 
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tile, et mieux on 8'eſt convaincu qu'elle eſt 
lice avec tous les corps par une affinité f1 
grande, que tous ſes mouvemens ſont de- 
termines, ou du moins puiſſament modifiés 
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1 

4 ö blement par ſa propre peſanteur. Il me 
if | ſemble, que plus on a approfondi les phe- 
1 . 

Fa th nomenes et la theorie de-cette matiere ſub- 
19406 
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4 par cette affinité. 
Wl © Tecrois que Pon peut appliquer au feu 
Ht q ls TY þ , 2 
} "148: clementarre ce que } ai prouve de Teau dans 
15 le Chapitre 1”, du premier de mes Eſſais 
Aus!“ ur Lygrométrie. Il eſt prouve que les corps 
An different entr' eux, non- ſeulement par la 

A quantite d' eau et de feu principe qui entre 
ö f f | dans leur combinaiſon, mais encore par la 


force avec laquelle ils attirent a cux, et ab- 
ſorbent dans leurs pores l'eau et le feu qui 


ſont 
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ſont repandus dans l'air. Je erois avoir 
demontre cette verite par rapport a eau, 
et les belles experiences de M. Crawford, 
de meme que les experiences plus exactes 
de M. Lavoiſier et De la Place, l' ont auſſi 
demontre par rapport au feu. Lors done 
que ce fluide, degage par la combuſtion, 
ou par tout autre cauſe, tend a ſe rẽpandre 
ou & ſe difſeminer, tous les corps dans la 
ſphere d' activitè deſquel il ſe trouve, ten- 
dent à s'emparer, et ils en abſorbent des 
quantites qui ſont en raiſon directe de leur 
affinitè avec lui, et inverſe de ce qu'il leur 
manque pour etre en equilibre avec les 
corps environnans. Or, il ne paroit pas 
que dans cette eſpece de repartition, la ſi- 
tuation des corps, relativement a T horizon, 
ait d'autre influence que celle que lui don- 
nent les courans produits par la dilatation 
de l'air et par la legerete que produit cette 
dilatation.“ 


Here our author takes a much more 
ſeientific view of heat, in underſtanding 
. he 
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the different capacities of bodies in relation 
to heat, and the valuable doctrine of latent 
heat, diſcovered long ago by Dr Black, and 
lately verified in an ingenious manner by 
M. Lavoiſier and De la Place; although 
theſe philoſophers ſeem to have miſunder- 
ſtood that principle, which, in the doctrine 
of calorique, they have groſsly miſapplied. 
Our author here alſo very properly cor- 


rects the erroneous notions of M. Lambert 


and M. De Luc, with regard to the aſcend- 
ing or deſcending of heat. Nevertheleſs, 
with all his enlightened views, M. de Sauſ- 
ſure would ſeem to entertain but an imper- 
fect or inaccurate idea with regard to the 
nature of heat, in aſcribing to it qualities 
which it has not, or which properly belong 
to another thing. | 


What leads me to be of this opinion, is 
that which he has ſaid in this ſame chapter, 
where he has given us a moſt beautiful ex- 
periment, the proper ſubje& of this diſſer- 
tation. It is that of affecting the thermo- 

meter 


* 
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meter by the reflected radiation from a 


tion 
* body, which is then heated far below the 
ad intenſity neceſſary for incandeſcence. But, 
＋ this radiation from the warm body, M. 
Y de Sauſſure conſiders, not as any ſpecies of 
»agh ing f bod 
der- light, but as heat moving from a body or 


independent of bodies; and it is this opi- 
nion which I think is inaccurate, unſcien- 
tific, or. not conſiſtent with all other phyſi- 
cal truths. We find that opinion in what 
he has ſaid farther upon the ſubjeQ, F 926. 


trine 
lied. 

cor- 
nbert 
end- 


eleſs, | 1 
2 Je reviens à ce que j'ai dit des 

Sauſ- | 

WIE obſtacles que les corps, dans lequels le feu 

N alémentaire eſt engage, paroiſſent mettre a 


* la liberté de fon aſcenſion ou de fa conden- 
alities 


ation. Peut- etre m'objectera- t on experi- 
elong 


ence connue d'une corp combuſtible, allu- 
me a la diſtance de 20 ou 24 pieds, par la 
repercuſſion et la concentration de la cha- 


* 13 leur d'un charbon ſituè entre deux miroirs 

apter, JConcaves. Je dis de la chaleur, car M. 

ul ex- Lambert a tres-bien fait voir que ce n'eſt 
diſſer- point ſeulement la repercuſſion de la lu- 
ermo- | #=4d . * 13 : + 154.9 f 


3 miere 


Wt if 

lh 

I 

Wilts: 26 Philoſophy of Light, Part I, 
Nin 

| : | 10 miere ou de la chaleur lumineuſe de ce char- 
j 5 bon, mais celle de ſa chaleur obſcure qui pro- 
! AWAY duit cette inflammation ; puiſqu'il a Eprouve 
| 3 qu'en raſſemblant au foyer d'une grande 
1410 þ lentille la lumiere d'un feu tres-ardent, al- 
| 1 | lume au foyer d'une chemin&6e, on obte- 
| 14 il noit à peine une chaleur ſenſible a la main.“ 
W418 

3 | þ 1 He then ſays, in a note, On lit dans 
0 0 les Memoires de VAcad. des Sciences pour 
i} 1 =_- l'année 1682, une experience analogue de 
! | | i M. Mariotte.” * La chaleur du feu refle- 
110 ; „ chie par une miroir ardent eſt ſenſible 


* 2 ſon foyer; mais fi l'on met une verre 
entre le miroir et ſon foyer, la chaleur 
& reſt plus ſenſible.” 


„M. Scheele a fait auſſi des experiences 
analogues, très-interreſſantes, qui meèrite- 
roient bien d' etre repetces et ſuivies.“ 


In making that experiment long ago, | 
found that it was not preciſely as Mr 
Scheele has repreſented it, aithough it was 

ſuch 
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har. ſuch as might have led him into that opi- 
pro- nion. It appeared to me that the light of 
zuys the fire truly paſſed through the glaſs, and 
ande affected the thermometer in the ſame man- 
„ al- ner as if the glaſs were not interpoſed; 
obte- with this difference, indeed, that the inten- 
ain,” ſity of the heat was very conſiderably di- 
miniſhed, ſo much as might impoſe upon 


dans an inadvertent obſerver. In this caſe, how- 
pour ever, the juſt concluſion to be formed, is 
ue de this, That the heat is more diminiſhed, 
ref. chan in proportion to the apparent diminu- 
nſible tion of the light in paſſing through the 
Ferse glaſs. But, What an erroneous theory has 
haleur Mr Scheele founded upon that miſunder- 


ſtanding, or inaccuraey in ſtating the caſe 
of an experiment ! 


1ences il | 

nerite- MY This extinction, however, of the light 
in paſſing through glaſs, is not our imme- 
diate object of inquiry. The thing we are 
now more particularly concerned with is 


Mr Ache diſtinction, which M. de Sauſſure has 
it was Amade, of chaleur lumincnſe and chaleur ob- 


ſuch ſcure. 


r —— D 
. — ᷣ— 4 i 
> 
— 
a 
- 
= 
7 
— — — 
1 


= Ms 8 
© I STE 
* 2 wa " — 5 ” 
—— — 


* ry 
Aa % +. 
1 1 5 On — - 
ED" Ee Ir ot — — * 
_ — - - — _ Aa — 


[Mt [ 28 Philoſophy of Light, Part J. 
lh | . ſeure. He reſumes as follows, on the re- 
| | | il fult of that experiment of his and M. Pic- 
Man tet; and this will bring us directly to the 
Wk point vehich is to be the ſubject of diſeuſ- 
10 | hon. | 

FW i * Il y a donc eu dans cette experience 
| | ö | huit degres de dilatation produit par la reper- 
81-4 th, euſſion de la chaleur e en avons 
h [ repeté pluſieurs os cette Epreuve à jours 
138 differens et avec differens thermometres, et 
14 4 les reſultats ont toujour été a tres-peu-pres 
11 + les meme, au moins quand on tenoit le 
| i | thermometre bien exactement au foyer du 


miroir; car pour peu qu'il 8'6cartat de ce 
foyer, il revenoit a la temperature du reſte 


| k de la chambre; et cette circonſtance meme 
115 de montre que cette dilatation etoit bien le 
1: i ? produit de la chaleur reflechie par le mi- 
[FER * 


Il ſembleroit done ſuivre de cette expe- 
rience que le fluide igne, le principle de la 
chaleur proprement dit, traverſe avec faci- 
lite 


lence 
eper- 
ons 


jours 


es, et 


-près 
oit le 
er du 
de ce 
| reſte 
meme 
1en le 
le mi- 


 exPe- 
e de la 
c faci- 

lité 
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lite une couche d'air de 12 pied d'epaiſ- 
ſeur, et que par conſequent on peut ſuppo- 
ſer a ce fluide une aſſez grande liberte pour 
lever par la preſſion de Fair, ou ſe eon- 
denſer par ſon propre poids.” 


Here it is evident, that M. de Sauſſure 
conſiders the principle of heat as a fluid 
diſtinctly different from that of light; and 
that this igneous fluid may be moved to 
and from bodies, after the manner of light, 
although theſe two things are perfectly dif- 
ferent. Now ſuch an opinion, as that heat 
is a thing eradiated and reflexible, or that 
heat may be moved through ſpace without 
body, are, according to our theory, erro- 
neous notions, which philoſophy or more 
perfect ſcience muſt correct, at leaſt, they 
are notions which we are by no means 
warranted, in our philoſophy, to entertain. 


In no ſenſe can this radiant and reflected 
ſubſtance be termed ob/cure heat, In the 
firſt place, it is the ſenſible and not the la- 

ten? 
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30 Philofophy of Light, Furt I. 
tent heat of bodies which we are now con- 
ſidering; ſecondly, this heat was not ob- 
ſcure, although not viſible, in the body 
from whence it had been eradiated; and 
now, after being eradiated and reflected, it 
is no leſs ſenſible than it was before. The 
term cure, therefore, is in this caſe inap- 
plicable, or a word without a meaning. 
But, let us ſuppoſe this eradiated and re- 
flected ſubſtance to be light, — a ſubſtance 
which moves through ſpace independent of 
body, and a ſubſtance which we know to 
be eradiated and reflexible,—in that caſe, 
there would be great propriety in the ap- 
plication of the term ob/cure; and then, the 
meaning of that term would be, That 
here were light, which, though eradiated 
and reflected, did not give viſion, or affect 
the ſenſe, in its uſual manner. 


Heat, with reſpect to our ſenſe, is a cer- 
tain feeling, but, in bodies, it is the cauſe of 
dilatation, and of fluidity. But here is an 
experiment, in which heat has been thought 

| to 
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to be a thing eradiated and reflected. If 
this ſhall be admitted, we muſt abandon 
our theory of light and heat. Before, how- 
ever, admitting that ſuppoſition of refle&t= 
ed heat, there is much to be conſidered ; 5 
and, it is the object of this diſſertation, to 
point out that which is to be conſidered on 
this occaſion. | 


PART 
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. A particular Invęſligation of the Power of 
IM | Light for exciting Heat in Bodies, in or- 
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der to explain an anomalous appearance 
in an Experiment of M. de Sauſſure. 
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i} 1 IN the Diſſertations upon ſubjects of Na- 
A ö tural Philoſophy, I have endeavoured to 
4 i eſtabliſh the true nature of heat, by inveſ- 
15 1 tigating the various events in which that 
[ i 1 active power is made known, and by diſ- 
14 tinguiſhing the different effects of which 
if 4 it is the cauſe. I have there alſo diſtin- 
1. guiſhed the different principles of action 
1 if! 4 upon which the effects of heat and cold 
[Hf 4 proceed, or which belong to the ſolar ſub- 
Wh ſtance on the one hand, and to the gravi- 


tating matter of this earth on the other ; 
and I have endeavoured to inveſtigate the 
comparative ratios of the growing and di- 
miniſhing intenſities obſerved in thoſe ſe- 

veral 


t II. 


ate the 
nd di- 
ole ſe- 

veral 
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veral rules of action. Thus, in the effects 
of heat and cold, there are diſtinguiſhed 
two abſolutely different principles of action, 
as well as different rules of variable inten- 
ſity ; by the one, the diſtenſion and fluidity 
of bodies are procured, while condenſation 
and concretion are properly the effects of 
the other. Thus, in the conſtitution of 
this globe, compoſed of thoſe different 
kinds of matter, there is eſtabliſhed an als 
ternate prevalence of the vatious powers 
which are ſo properly oppoſed ; and thus 
the complicated purpoſes of this World are 
fo regularly, ſo effectually, fulfilled. 


We conceive a ſubſtance to be continu- 
ally radiated from the ſun, to animate this 
globe, or to make it of a dead maſs of gra- 
vitating and concreted matter, which it is 
naturally, a living world producing plants 
and animals; this influence, then, is pro- 
perly light, of which it is neceſſary to form 
a juſt idea, in diſtinguiſhing it from every 
other thing. In thoſe diſſertations, heat is 
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repreſented as another modification of that 
ſolar ſubſtance in a body; it is a combina- 
tion of the ſolar ſubſtance with gravitating 
matter; and it is in this combination that 
heat properly ſubſiſts. By heat, a body is 
either increaſed in its volume, or diminiſh- 
ed in its hardneſs and concretion ; and, by 
cold, a fluid body is either made to con- 
crete, or to be contracted in diminiſhing its 
volume; but to ſuppoſe heat moving with- 
out body, or reflected according to the laws 
of light, is certainly an idea that would diſ- 
grace ſcience ; for, it would be confounding 
things which are to be diſtinguiſhed, name- 


ly, the influence or emanation from the ſun, 


which is light, and the effects of that influ- 
ence in bodies, which is heat. 3s 


Light is a thing conceived to be in mo- 
tion; and it is from the ſenſible effects that 
we judge light to have moved, 'as well as 
to be compoſed of ſeveral diſtin ſpecies : 
ſcience has even arrived at meaſuring the 
velocity of light. In like manner, we feel 
| heat, 


part II. 


heat, and judge of the tranſmutable effects 
of heat in bodies. In the doctrine of la- 
tent heat, again, we have arrived at the art 
of meaſuring certain quantities of heat, and 
thus to compare the commutable effects of 
heat in bodies. 
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Thus we have the moſt diſtinct ideas of 
light and heat, however abſtract and com- 
plicated may be thoſe ideas. Therefore, 
when we ſhould ſuppoſe light lodged in a 
body and diſtending it, like heat; or when 
we ſhould ſuppoſe heat moving from a 
body and changing place in ſpace, like 
light, we would then either expreſs our 
juſt ideas falſely, or introduce falſe ideas in- 
But if we ſhould employ 
ſuch falſe ideas for the explanation of natu- 
ral phenomena, what are we thus to ex- 
pect ?—not to ſee the wiſdom of nature in 
the order of perceived events, but to ſubſti- 
tute our own imagination in its place, and 
thus to corrupt our ſcience, by confound- 
ing truth and falſehood. 


to our ſcience. 
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36 Philefophy of Light, Part II. 
In M. de Sauſſure's experiment, there 


are, certain phenomena to be explained; 


and, this explanation muſt proceed upon 


the laws obſerved in the action of light and 


heat. But, unleſs we have inveſtigated 
theſe laws, How is a matter of fact to be 


explained by them ? Now, inſtead of at- 


tempting to explain an anomalous appear- 


ance by a falſe or miſconceived idea, of 
things, let us employ this matter of fact, 


and endeavour to inveſtigate the laws of 
nature by finding the principle of the ano- 
malous appearance, or to generaliſe the ap- 
pearance by finding its affinity with other 
events of which we know the principle. 


I am now to examine, firſt, the experi- 
ment of M. de Sauſſure, in relation to heat, 


in endeavouring to explain that phenome- 
non upon a new principle; and then I ſhall 
endeavour to confirm that theory, by means 
of an experiment made by M. Pictet in re- 


lation to that ſubject. 


Long ago, I wrote a diſſertation upon 


the 
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the nature of light; this, with ſome others, 


I intended to have publiſhed in the work 
already mentioned, but ſtopped ſhort upon 
account of the fize of the volume. In that 
diſſertation, I had treated of a certain fact, 
with regard to the nature of light; and, 
this fact I am now to employ as a prin- 
ciple, for the explanation of the anomalous 
appearance in this experiment of * de 
Sauſſure. 


The part of that diſſertation, with which 
we are at preſent concerned, is the nature 
of the red ſpecies of light. This is found 
to be very different from ſome of the other | 
ſpecies. But, what is particularly appli- 
cable to the preſent ſubject, is the peculiar 
property of this ſubſtance for the producing 
of heat in bodies. Thus. it is the different 
ſpecies of light that we are now to conſider, 
with regard to their reſpective powers of af- 
fecting the ſenſe and heating bodies. We 
may thus perhaps acquire a principle of ac- 
tion that may be applicable in explaining 
natural phenomena. 
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At preſent we want to know, how far 
there may be acknowledged a ſpecies of 
light, which ſhould be capable of producing 
heat in bodies, without affecting our ſenſe 
of ſight. Now, for that purpoſe, we muſt 
inquire at nature, in making obſervation 
with regard to the regular courſe of thoſe 
events. | 


It muſt be evident, that, having a certain 
meaſure of light, by means of the ſenſe of 
fight, we may form an experiment in or- 
der to know, how far the powers of giving 


viſion and of heating bodies, proceed equab- 


ly, with the quantities of the ſolar ſub- 
ſtance, or with the meaſurable intenſity, in 
the different ſpecies of light. This, accor- 
ding to my experience, is far from being 
the caſe : The compound light, which is 
white, has a greater power of giving viſion, 
in proportion to its power of exciting heat ; 
whereas, in the red ſpecies, it is the oppo- 
ſite ; for, here the power of exciting heat 
is great, in proportion to its power of giv- 


ing viſion. 
This 
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far This is the view of the ſubject which I 
s of | have long entertained ; it is a ſubject which 
cing 1 propoſe to examine more accurately, 
enſe when I thall have a proper apparatus con- 


nuſt ſtructed. In the mean time, I may be al- 
tion lowed to reaſon upon that principle. I had 
hoſe no difidence of the fact, at the time I made 

the experiment; but, at that time, I did not 

ſce all the importance of this principle. At 
rain preſent, again, when this fact comes to be 
ſe of of ſuch importance, in procuring explana- 


tion to a phenomenon which otherwiſe is 


n or- 

wing anomalous, it would require to have ex- 

uab- periments made with accuracy, and con- 
ſub- ceived with all the light of our improved 

y, in knowledge. 

ccor- 

being We are not now inquiring for the cauſe 

ch is of this diverſity of power, any more than 

iſion, of the different refrangibility of the ſeveral 

heat; ſpecies of light ; we are inquiring concern- 

»ppo- ing a phyſical principle or a general truth, 

heat viz. If it be the conſtitution of light, to have 

f givs one ſpecies more powerful in giving ſenſe, 
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and another more powerful or diſpoſed for 
the dilating of bodies, i. e. for the exciting 
of heat. fl 
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With regard to the different refrangibility 
of the ſeveral ſpecies, no body doubts the 
fact; this is then a phyſical principle, no 
leſs general, perhaps, than that of gravita- 
tion, though not as yet ſo fruitful to philo- 
ſophy. The different powers of giving 
heat, I believe, is a matter of fact as certain 
as is the different refrangibilities, although 
not attended with ſuch a ſplendid pheno- 
menon as that of the- coloured ſpectte of 
the priſm. The evidence, in thoſe two 
caſes, is equal or ſimilar, although perhaps 
not ſo eaſily attained. In the one caſe, 
where the refrangibility is concerned, we 
judge by the ſenſe of colour, and by the per- 
ceived figure ; in the other again, where the 


two ſpecies of light are to be compared with 


reſpect to the power of giving heat, it is by 
the ſenſe of feeling, and alſo by the per- 
ceived dilatation of the thermometrical fluid, 

that 
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d for WM that we are to judge. We cannot doubt of 
citing the different refrangibilities; becauſe, the 
ſenſible colour of the light correſponds with 

che changed direction of the rays; the 
bility proof is then immediate, and the chain of 


ts the evidence compleat. It is otherwiſe with 
le, no the power of giving heat; here two diffe- 
ravita- ¶ rent ſpecies of light are to be compared, with 
philo- {MW regard to their power of giving heat, when 
giving they are of equal intenſity. In this caſe, 
certain a perſon may be allowed to doubt of the 
hougb propoſition, ſo far as he may not have 
zheno- I {een all the ſteps of the inveſtigation; it is 
tte of even neceſſary, in ſcience, to withhold our 


e two 
'erhaps 
je caſe, | 
ed, we The propoſition now under conſideration 
he per- requires to compare different ſpecies of 
ere the light, in equal degrees. Now, the means 
xd with J employed to procure that equal degree 
it is by | of intenſity in the different ſpecies, was to 
he per- ¶ reduce them, by diſtance from the luminary, 


al fluid, to that degree of intenſity by which I was 
that F 


belief until we trace the whole chain, and, 
have ſeen the evidence of every ſtep. 
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juſt enabled to read with the light. I thus 
could compare two different ſpecies of light 
in equal degrees, that is, the red light from 
a fire of coals, and the white light of flame. 
E then was able to eſtimate their heating 
capacities, compared with their power of 
giving viſion. I thus found the one ſpe- 
cies incomparably more powerful than the 
other, in exciting heat. 


Let us now proceed upon that principle, 


for the explanation of natural appearances, 
particularly this of the irradiating influence 
of heated bodies. 


A body, heated to the extreme of incan- 
deſcence, gives out light in which the white 
or compound ſpecies prevails; but, as the 
intenſity of the heat diminiſhes, the light 
gradually becomes of the red ſpecies. 
Therefore, according to our principles, a 
body, in proportion as it is heated intenſely, 
radiates light which affects the ſenſe more, 
and heats bodies leſs ; whereas, in propor- 

tion 
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tion as that heat of incandeſcence is diminiſh- 
ed, light is eradiated which affects the ſenſe 
of viſion little, and heats bodies much. 


We have thus inveſtigated a certain rule 
with regard to the light, the heat, and the 
eradiation of ſolid bodies in certain degrees 
of heat. Our reaſoning was then founded 
upon thoſe events which take place in pro- 
ceeding from the greater to the leaſt degree 
of incandeſcence; and now we want to 
proceed farther, after the irradiated light 
no more affects our ſenſe, which is a very 
Here we are firſt 


to ſuppoſe that there is ſtill light irradiated, 


although our organ of ſight is not calculated 
to be ſenſibly affected by it. No body will 
refuſe to admit that ſuppoſition, who knows 
the great or indefinite capacity of the or- 
gan, in the ſenſe of viſion. To an eye 
which has been accuſtomed to the light of 
day, a place appears to be in perfect dark- 
nel{s, where, to another eye which has been 


long in darkneſs, objects become perfectly 
viſible. 1 
Here 
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in 

5 | i | Here is therefore a ſpecies of light which 
ö bi 4 ly we may term ob/cure ; and now the nature 
| of 10 of this ſpecies of light is to be inquired af- 
l 1 j [ ter. But, in this caſe, the only concluſion 
140 | 1 to be formed is this, That the heating 
[ Mt k F power of this ob/cure light {till continues to 
WW diminiſh as it did before, that is, at a rate 
f! | 11 that is ſtill decreaſing; for, we can only 
ö ii 9 } reaſon analogically, therefore muſt con- 
15 . | ; clude, that the heating power of this irra- 
14.6 ie diation, however decreaſing as the body 
; 4 { cools, is always decreafing leſs and leſs. 
. [ | We are now come to this period in our 
| | | >: ſcience of light, that if there be any ſpecies 
1601 (18 of the ſolar ſubſtance emitted by a body 
4 15 heated under the loweſt degree of incan- 
„ deſcence, this emitted ſubſtance muſt be of 
Tl: that ſpecies which, although not viſible, is 
| 14:48 extremely much adapted for, or has great 
[171K power in, the heating of bodies. Flere 
1 | then is a reaſonable conjecture, which, in 
| | 1 order to be verified, and thus made a phy- 
Meg | ſical principle, would require to find that 
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there is truly an emanation from the heated 
body, an emanation that may be reflected 
and concentrated in the manner of light, ſo 
as to have its power increaſed in a focus. 
But this is preciſely what in fact takes place, 


and this is the very appearance which we 


would now explain. A ſubſtance is ra- 
diated from a hot body; it paſſes with un- 
meaſurable ſwiftneſs through a tranſparent 
medium; is reflected from a mirror, and 
concentrated according to the laws of light, 
and then excites a degree of heat, in that 
focus, correſponding to its concentration, — 
here is a chain of action or efficiency that 
can apply to nothing elſe in nature, except 
to light. If this is not a demonſtration, it 
is at leaſt a proof in which there ſeems to 
be no defect. 


The propoſition is this, Whether or not 


a hot body, after it has ceaſed to be incan- 


deſcent, or to emit light viſible to our ſenſe, 
ſhall be conſidered as emitting light which 


may be effectual in exciting heat? The 


proof 
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proof again conſiſts in this, firſt, that if any 
light be in this caſe emitted from the hot 
body, this ſpecies of light ſhould be as ef- 
fectual in exciting heat, as it is ineffectual 
for the purpoſe of viſion ; ſecondly, that it 
is contrary to the laws of nature, or incon- 
ſiſtent with our experience, that heat ſhould 
be tranſmitted any otherwiſe than from one 
body communicating, immediately with an- 
other ; and, laſtly, that the inviſible emana- 
tion from a hot body is aQually irradiated, 
reflected, and concentrated in a focus where 
it excites heat, Therefore, if the nature of 
this ſpecies of light, which has been invel- 
tigated, ſhall be acknowledged, the phylical 
propoſition will be demonſtrated, that 1s, 
proved without a ſhadow of doubt, 


We have, in this manner, an explanation 
of that anomalous appearance, from which 
philoſophers have raſhly concluded, that 
heat is a thing which moves independent 
of bodies, and that this moving heat is a 


thing perfectly different from moving light. 
Now 
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Now this explanation is important to phi- 
loſophy, or the ſcience of cauſe and effect, 
ſo far as it tends to adjuſt our notions of 
light and heat, thoſe great agents which are 
ſo neceſſarily employed in giving us infor- 
mation by ſenſe, in communicating together 
the diſtant ſyſtems of luminating and illu- 


minated bodies, and in actuating or enli- 


vening the imperceptible parts of the ſyſ- 
tem of this world in which we are con- 
ceived to exiſt. 


It muſt not be alledged, that light and 
heat are irradiated together, and that it is 
this irradiated heat which appears in the 
focus of the experiment, when there is no 
irradiated light: Philoſophers, indeed, have 
made that ſuppolition ; but this is only to 
ſubſtitute pure imagination in place of mat- 
ter of fact, on which all phyſical ſcience 
muſt depend; and this is a view of the 
ſubject which cannot be too much repro- 
bated if it is falſe, nor too much examined 


if it is doubtful. Let us therefore ſtate the 
cale in a few words. 
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Light is radiated from bodies; and it 
moves through ſpace without the interven- 
tion of any other matter. Here is a phy- 
ſical truth, or principle, upon which we 
may ſafely reaſon; for, there is nothing in 
the compaſs of our knowledge by which 
that propoſition may be called into doubt. 
But, How are we to acquire a ſimilar prin- 


ciple with regard to heat? Not by analogy; 


for, Where is the analogy between light and 
heat? Light, heat, and electricity, appear 
all to be commutable, as different modifi- 
cations of the ſolar ſubſtance ; but, theſe 
three things are diſtin, and mult not be 
confounded. Heat is tranſlated among bo- 
dies in a certain manner, and electricity in 
another; but, neither of thoſe two different 
modes of tranſlation is the ſame with that 
of light; here then are three ſubſtances 
diſtinctly different in their moving ſtate, 
So far therefore as we reaſon analogically, 
we ſhould conclude that the tranſlation of 
heat, among bodies, is not performed ac- 
cording to the laws obſerved in that of light, 

Conſequently, 
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Conſequently, that there ſhould be ſuch a 
thing, as irradiated heat proceeding from 
bodies, is merely hypothetical, and cannot 
be admitted as a phyſical truth without ſome 
poſitive evidence, which as yet has not ap- 
peared, © 


Let us examine nature in relation to this 
ſubject, or that which is general in the ac- 
tion of heat and light. To move with the 
utmoſt velocity through the tranſparent 
ſubſtance of a body, without heating or 
affecting in any ſenſible degree that body 
which it traverſes, as is the caſe in the ex- 
periment which we have been confidering, 
is a quality which does not belong at all to 
heat; but this is the very property of light. 
Heat is never tranſlated through a body 
without having been in action and reac- 
tion, or combination with its ſubftance ; 
but I have ſhown in another place, that 
light is not affected in its progreſſion by 
the gravitating matter of bodies; it there- 
fore paſſes as freely through a tranſparent 
body as through the voideſt ſpace. 

G | Hence 
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Hence it muſt appear, that to ſuppoſe 
heat moving in the manner of light, is no 
other than to confound the plaineſt prin- 
ciples in natural philoſophy. Let us now 
ſee how it may be with regard to the elec- 
tive affections of this irradiated influence; 
for, if we ſhould find that this alſo corre- 
fponded with the elective affection of light, 
and not with that of heat, we ſhould thus 
obtain a confirmation of our theory, and a 
confutation of the oppoſite. 


Here we have, in my opinion, no lefs 
than an experimentum crucis; for, if we ſhall 
find the affections of light and heat for bo- 
dies as diſtinctly different as are their laws 

of motion, and that the affection of this ir- 

radiated influence is that of light, then this 

inviſible ſubſtance, moving according to the 

laws of light, and having its elective affec- 

tions ſimilar, could not in reaſon be mifun- 

derſtood, but muſt be conſidered, in rela- 
tion at leaſt to bodies, as light, although in 

relation to our ſenſe it may be inviſible. 

But 
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But ſuch is the power of a ſyſtematic pre- 
poſſeſſion, that M. PiCtet, .who has made 
this experimentum crucis with great preci- 
ſion, has entirely overlooked the important 
concluſion of this argument. I ſhall now 
give a view of that experiment, 


In repeating M. de Sauſſure's experi- 
ment, M. Pictet conceived the deſign of 
trying what effect the colour of bodies 
might have, when expoſed to that influ- 
ence which he conſidered as irradiated heat. 
For this purpoſe, he ſmoked the bulb of 
the thermometer to be placed in the con- 
verging focus of the experiment. He then 
found that the thermometer was heated 
ſooner, and roſe higher, by the concen- 
trated influence, than when the bulb was 
bright. 


Here is an evidence of the moſt convin- 
cing nature; for, while it homologates this 
irradiated ſubſtance or modification of mat- 
ter with that of /gbt, it alſo excludes it 

from 
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from being any ſpecies of heat. In order 
to ſee this, we have but to conſider, that 
here is a thermometer coated with a ſub- 
ſtance which admits on abſorbs light power- 
fully, but which tranſmits or conducts heat 
extremely ill, or ſlowly; conſequently, ex- 
poſed to the irradiated ſubſtance, the black- 
ened thermometer ſhould be affected more 
or heated ſooner, if the irradiation from the 
warm body is light; whereas, if this irradi- 
ated influence is heat, the coated thermo- 
meter ſhould be heated flower. Thus, the 
experiment is deciſive; and the propoſition 
is fully proved, if we have reaſoned right, 


Let us now ſee how far our reaſoning 
may be confirmed, from any other event 
which happens in this experiment, We 
have conſidered the effect in the thermo- 
meter, when this is expoſed to the heating 
influence of the irradiated ſubſtance, which 
thus is proved to be light; we are now to 
examine the effet of removing that irra- 
diated influence, while the heated thermo- 

meter 
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meter is expoſed to the cooling action of 
the ſurrounding atmoſphere. 


According to the principle which hag 
been employed to prove the propoſition, 
the coated body of the thermometer, though 
it be more quickly heated by the influence 
of light, yet, being once heated, it ſhould 
preſerve the excited heat from being ſo eaſi- 
ly communicated to the atmoſphere which 
is in contact with the bulb of the thermo- 
meter. But, this happens preciſely in the 
experiment; the coated thermometer, which 
is heated ſooner than the bright one by the 
irradiated influence, when light is to be ab- 
ſorbed by the coloured ſurface of a body, 
is cooled ſlower, when that acquired heat 
is to be communicated through the fuligi- 


nous coat, which is interpoſed between the 


thermometer and the atmoſphere. Thus 
our reaſoning is confirmed in being every 
way conſiſtent, and the experiment is de- 
ciſive. 


But 
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But this reaſon, though concluſive in the 
theory of the inviſible ſpecies of light, would 
defeat its proper intention, if applied in ſup- 
port of the theory of irradiated heat. For, 
if heat be ſooner or more eaſily commu» 
nicated through a black ſubſtance than 
through a bright one, then ſhould the ther- 
mometer, when blackened, be cooled ſoon- 
er by communicating with the atmoſphere, 
In order, therefore, to reconcile that hypo- 
thetical theory of irradiated heat with the 
matter of fact, or that which appears in the 
experiment, it is neceſſary to make this 
abſurd ſuppoſition, that heat, in paſſing 
through the fuliginous coat to the thermo- 
meter, obſerves one rule; and, in paſſing 
through the ſame coat from the thermo- 
meter, it obſerves another. If this be not 
a contradiction in terms, it is the abſurdity 


of forming oppoſite concluſions from ſimi- 
lar premiſſes. 


Names do not alter the nature of things; 
but when, in ſcience, we give the name of 
one 
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one thing to another which is different, we 
then confound our knowledge, and miſlead 
our underſtanding. How far that error 
has been committed, in this caſe of irradi- 


ated heat, will appear from the — 
conſideration. 


The ſubſtance, which dilates the ther- 


mometer, is ſurely heat; and, when that 
ſubſtance quits the contracting thermome- 
ter, in order to dilate the contiguous at- 
moſphere, it is alſo heat, becauſe it then 
obſerves the laws of heat, and produces its 
effects. But, when a ſubſtance is irradia- 
ted from a warm body, when it traverſes 
with the velocity of light a tranſparent me- 
dium is reflected by one metallic ſpeculum 
to be again concentrated by another; and 
when it then heats a black body more eaſi- 
ly than a bright one, we find a ſubſtance 
acting the part of light, in all reſpects, and 
not that of any ſpecies of heat; therefore, 
while this ſubſtance muſt be properly named 
light, it cannot, without abſurdity, 2. e. 
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without committing a flagrant tranſgreſſion 
in our ſcience, be named heat. 


Thus I have endeavoured to inveſtigate 
a new principle in the action of light; and 
I have applied this principle for the expla- 
nation of that apparently anomalous phe- 
nomenon of excited heat, in the experi- 
ment of M. de Sauſſure. I am now far- 
ther to employ our acquired principle; 
and to conſider an experiment of M. Pic- 
tet's, in which there is a ſtill more anoma- 
lous phenomenon, one which at farft fight 
ſeems to be inexplicable according to our 
theory, whether of light, or of heat and 
cold. 


PART 
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r 


A farther Application of the Principle of 
Inviſible Light to the Theory of Heat and 
Cold, with a view to explain M. Pifet's 
Experiment of Apparently Reflefed Cold. 


IN explaining the anomalous appearance, 
obſerved in concentrating the apparently 
irradiated and reflected heat of a warm bo- 
dy, the principles I have reaſoned from are 
theſe : Firſt, that light and heat are things 
commutable, under certain conditions, or in 
proper circumſtances. Secondly, that though 
light be the proper object of our ſight, this 
ſenſe is not always competent for determi- 
ning the abſolute want of light ; for, there 
may be indefinite degrees of light, as well 
as of heat, both above and below the proper 
feeling of our ſenſe. Laſtly, that there is, 
in light, ſpecies with different qualities and 
powers, and a gradation from thoſe which 

H are 
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are moſt proper or much adapted for gi- 
ving the ſenſe of light, and leſs adapted 
for the heating of bodies, to that ſpecies 
which, on the contrary, has great power in 
the heating of bodies, while it is but little 
adapted for the exciting of our ſenſe of 
fight. Upon thoſe principles I have en- 
deavoured to explain M. de Sauſſure's ex- 
periment, in which, I ſay, That there is in- 
viſible light, but not obſcure heat according 
to his theory. 


It may perhaps be thought, that this in- 
viſible light, radiated from a large body 
that is dark, ſhould, by the concentration 
of the mirror, become viſible, by having its 
intenſity ſo much increaſed in the focus. 
But, had this been the caſe, there would 
not have been any occaſion for this diſſer- 
tation, We are here endeavouring to re- 
move the apparent anomalies of the caſe ; 
and this perhaps may be conſidered as one. 
We thus find ourſelves beſet with two op- 
polite difficulties ; for if, on the one hand, 


we 
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we ſuppoſe the thermometer heated by the 
reflected and concentrated light, Why 
ſhould not that light be rendered vi/ible by 


concentration? If, on the other hand, in 
order to remove that difhculty, we ſhould 


ſuppoſe, that the thing reflected is not light 
but heat, then, we would only extricate 
ourſelves from the dilemma by tranſgreſſing 
all the rules of light and heat. We are 
therefore poſitively excluded from this laſt 
ſuppoſition. Let us then examine the other 
ſuppoſition, viz. that of the inviſible light, 
which does not tranſgreſs any principle in 
our ſcience. 


? 


Light is a ſubſtance conſiſting of many 
different ſpecies, among which there would 
allo appear to be an indefinite gradation 3 
and, all thoſe different ſpecies are variouſly 
affected, in coming within the ſphere of 
action of gravitating bodies. We are now 
ſuppoſing a peculiar ſpecies, one that is in- 
viſible, and one that is only known to ns 
by its great aptitude for the heating of 


bodies. 
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bodies. But, light cannot heat a body 
without entering into combination with its 
ſubſtance, or acting and reacting chymical- 
ly in that body; therefore, here is a ſpecies 
of light which may be conſidered as having 
its want of viſibility arifing from its great 
aptitude for combining with the ſubſtance 


of thoſe bodies into which it penetrates, 
inſtead of being reflected from their ſurface. 


But the ſolar ſubſtance cannot both be 
refleted from a body as light, and at the 
ſame time be combined with it as heat; 
therefore, the ſpecies of light which we are 
now conſidering, ſo far as it has the diſpo- 
ſition for being combined in certain bodies, 
muſt be ſo far diſqualified for appearing as 
light. Thus we have reaſon to ſuppoſe, 
that, having once diſappeared to our ſight, 
this ſpecies of light will never be made to 
become viſible, by any degree of concen- 
tration, unleſs it were by heating the focal 


body to the degree of incandeſcence ; in 


that caſe, it might be again. emitted from 
| -. "the 
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the heated body as viſible light. There 
is, however, much room here for experi- 
mou before the queſtion can be- poſitively 
e 


1 ve thus endeavoured to remove the 
object ion, upon the ſuppoſition that this 
inviſible light cannot, by the moſt powerful 
concentration, be made again to appear as 
light in illuminating the body on which it 


falls. If this explanation of the ſuppoſed 


fact ſhall be thought inſufficient, we muſt 
!uſpend! our judgment, until experiment 
{hall give more data for our reaſoning; for, 
we cannot be allowed to explain that phe- 
nomenon, by ſuppoſing that it is not light 
which is here concentrated by the mirror; 
ſuch a ſuppoſition would be the creating to 
ourſelves another heating ſubſtance, diffe- 
rent from that which proceeds, as light, 
from the ſun and burning bodies, 


Every arbitrary creation in our ſcience is 


improper ; but here the theory of irradiated 
heat, 
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heat, beſides being an arbitrary ſuppoſition, 


will appear to be as unneceſſary or ſuper- 


fluous, as it is evidently: oppoſite to ſome 
of the moſt certain of our phyſical prin- 
ciples. If light and heat are mutually con- 
vertible, as from every other experiment 


there 1s reaſon to believe, there ſurely can 


be no occaſion to make heat be irradiated, 
reflected, and concentrated by a mirror, 
like light, in order to heat a body ; for, 
by changing the modification of the ſolar 
ſubſtance, which is properly light, into 
that which in bodies 1s heat, a commu- 


tation which cannot be diſputed, this ſup- 


poſed anomalous appearance will be gene- 
raliſed with thoſe of bodies heated by the 
immediate influence of the ſun. 


We have now acquired two principles, 
which may be employed in the farther pro- 
greſs of our ſcience. 


Firſt, we have inveſtigated the nature of 
light and heat, ſo as to diſtinguiſh thoſe 


two 


Je 
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two things in all reſpects, and to underſtand 
what properly belongs to each. Here we 
have found, that light is not to be conſider- 
ed as having any power of giving either 
diſtenſion or fluidity to bodies; and that 
heat cannot be irradiated or move from 
bodies, as light does, either by reflection or 
tranſmiſſion. 


Secondly, we have found that light, be- 
ſides being compoſed of different ſpecies 
with reſpect to colour, or the ſpecific effect 


known in the ſenſe, contains alſo ſpecies 


which have different powers, or powers of 
very different intenſities, both for the pro- 
curing of viſion and for the exciting of 
heat in bodies; and, that there is thus to 
be diſtinguiſhed a ſpecies of light which 
may be termed inviſible, as having little or 
no power of giving viſion, although it has 
a ſenſible effect in heating bodies. 


By means of thoſe two principles, or that 
theory with regard to the powers of light, 
M. 
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M. de Sauſſure's experiment may be ex- 
plained z and this I have endeavoured to 
do, in refuting the notion of reflected heat. 
I am now to conſider thoſe experiments 
of M. Mariotte, Lambert, and Scheele, al- 
ready mentioned, when quoted by M, de 
Sauſſure. 


In making thoſe experiments with regard 
to burning bodies, they conſidered heat as 
a ſubſtance eradiated from a fire ; it then 
appeared to them, that heat was not tranſ- 
mitted through a body of glaſs, in the man- 


ner of light, but was arreſted in the glaſs, 


where it appeared with its proper effects as 
heat, | 


It muſt now be evident, that, if we have 
ſucceeded in eftabliſhing the nature of heat, 
the notion of thoſe philoſophers muſt fall 
to the ground ; for, if heat be not truly ir- 
radiated, in thoſe caſes of experiment, it 
muſt be the light of the fire which is arreſt- 
ed in the glaſs, where it becomes heat; 

therefore, 
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therefore, while the body of glaſs is thus 
heated, the heating power of the radiated 


and tranſmitted light muſt be fo far dimi- 
niſhed. 5 


So far as the luminous power of light is 
leſs diminiſhed, by paſſing through the 
glaſs, than is its heating power, we thus 
acquire a new fact with regard to light, or 
a new principle in our ſcience, viz. that it 
is the inviſible ſpecies of light which is 
moſt abſorbed by the tranſparent body of 
zlaſs through which the light is made to 
paſs, But this evidently appears from the 
well known experiment of kindling a com- 
buſtible body, at the diſtance of many feet, 
by the reflection and concentration of the 
light from a burning coal, when placed be- 
tween two concave mirrors ; for, had the 
light of this burning coal been made to 
converge by paſling through a lens, inſtead 


of being reflected by the mirror, the heat 


would hardly have been ſenſible in the 


focus, as appears from thoſe experiments of 
Lambert and Mariotte. 
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The heating power of fire light being 
thus ſuppoſed as being much more impair- 
ed, in paſling through glaſs, than the lu- 
minous quality, this is not the caſe in be- 
ing reflected by a metallic ſurface ; for, the 
light of the fire, in being thus reflected, 
does not ſeem to have loſt its heating qua- 
lity in any ſenſible degree. The only ex- 
periment that I have made upon this ſub- 
ject, is by comparing the effects of a glaſs 
mirror and a plate of tin, when employed 
to reflect the red light of a fire; the heat, 
in the caſe of the tin plate, is incomparably 
greater than in the other. 


Thus we explain the phenomenon with 
regard to the light of fire; and thus we 
. alſo acquire a new principle in the ſcience 

of phyſics, viz. that the heating ſpecies of 
light 1s much abſorbed in paſſing through 
glaſs, whereas it is but little affected in be- 
ing reflected by metal. 


But now we have a right to proceed till 
farther 
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farther upon our principles, and to ſay, 
That ſo far as there is ſomething irradiated, 
(whether light or heat,) and ſo far as this 
emanation concentrated in a focus gives 
ſenſible heat to a body in that place, upon 
no occaſion ſhould any cold appear to be 
produced in that focus. But this will re- 
quire ſome diſcuſſion, in properly ſtating 
the caſe. 


If by the emanation from a warm body 
in the one focus, and by the concentration 
of that irradiated ſubſtance in the other, 
ſenſible heat is excited, then, in diminiſh- 
ing that irradiated emanation, the excited 
heat will be diminiſhed, which 1s the ſame 
as growing colder. Now, when by the 
cooling of all theſe bodies they ſhall be in 
an equal temperature of heat, let us ſup- 
poſe the body, which had eradiated when. 
warm, ſhall be cooled to a degree below 
the general temperature, or colder than the 
thermometer which is in the other focus, 
am chen here is a ſubje& for our inquiry, viz. 
ther It 
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If the thermometer ſhould be affected by 


the cold body in the other focus, any more 
than the other ſurrounding bodies. But, 


this ſubject cannot be properly underſtood, 


without conſidering the ſtate of bodies, 
with reſpect to emanation, when they are 
all in an equilibrium of heat. 


In this caſe there naturally occurs a queſ- 
tion, viz. Do they then irradiate any of that 
emanation, which is capable of being reflec- 
ted and concentrated? Here is a queſtion 
which we are not informed of; conſe- 
quently, we know not if there be any e- 
manation when there is an equilibrium of 
heat. 


Thoſe philoſophers, who have adopted 


the theory of irradiated heat, do certainly 


ſuppoſe, that there 1s no irradiation when 
there is an equilibrium of heat among bo- 
dies, and that this only takes place, like 
the diffuſion of ſenſible heat, when the bo- 
dies are relatively hot and cold. But this 


18 
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is only a concluſion from their theory; 
and it is not, ſo far as I know, a matter of 
fact ſupported by any evidence; it is how- 
ever a very material point in this ſcience, 
which therefore ſhould be aſcertained by 
experiment. 2 

It will be no objection to this propoſed 
experiment to alledge, That, all thoſe bo- 
dies being in an equal temperature, and all 
irradiating equally the viſible light, there 


could be no cauſe for the diſturbance of 


that equilibrium, conſequently no means of 
knowing the fact. In this caſe, of a ther- 
mometer placed in the focus of one of the 
mirrors, there 1s certainly a diſturbing cauſe 
in relation to the equilibrium, whatever be 
the nature of the emanation ; for, here the 
thermometer is receiving more than its na- 
tural ſhare of the irradiated ſubſtance, which 
we have found to be reflexible and concen- 
trated by the mirrors. Therefore, in ſup- 
poſing heat irradiated, then, in properly 
diſpoſing things, the emanation from a 

large 
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large body in the one focus may be con- 
centrated, ſo as to increaſe the temperature 
of a {mall body in the other. But this 
muſt happen no leſs in the caſe of irradiat= 
ed light, whether this be viſible or not. 
Therefore, here is a proper object for a 
ſcientific experiment ; and, without mak- 
ing this experiment, the theory, of thus 
heating bodies by an inviſible emanation, 
is imperfect. 


Let us now ſuppoſe that there is no e- 
manation, in this caſe of bodies all in an 
equal temperature; and, let a cold body be 
placed in one of the focz, that is to ſay, a 
body much below the general temperature; 
What, in that caſe, ſhould be the effect ob- 
ſervable in the focal thermometer?—lt mult 
be evident, that, upon our principles, the 
temperature of the thermometer, which the 
moment before was that of the general 


temperature, could not now be diminiſhed 


by the cold body in the other focus, no 
more at leaſt than if the two mirrors were 
removed ; 
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removed; for, if there is no irradiation or 
emanation from the cold body, the mir- 
rors can have no influence in relation to it, 
unleſs it were by bringing ſome irradiated 
matter from the other bodies, which are 


ſuppoſed to be all in an equilibrium of 
heat. 


Now the queſtion is not, How far the 
general temperature of thoſe bodies will be 
diminiſhed, according to the laws of the 
diffuſion of heat, but, if the temperature 
of the body in the oppoſite focus ſhall be 
affected, according to the laws of reflected 
light, by any emanation or irradiation from 
the cold body, by means of the murrors. 
Without attending properly to all thoſe 
circumſtances, the experiment muſt be im- 
perfect; its information would be but a 
vague or unconnected event; and it might 
lead into the moſt erroneous concluſion. 


What has led to this long diſcuſſion, is 
an experiment made by M. Pictet ſeem- 
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ingly with great accuracy. It is that of 
placing a matraſs with ice in one of the hci, 
in M. de Sauſſure's experiment; he then 
found the thermometer in the other focus, 
which was of a warmer temperature, to be 
ſenſibly affected by it. This experiment 
was ſuggeſted by M. Bertrand, Profeſſor of 
Mathematics; and the reſult of it was a 
thing unlooked for by M. Pictet. But 
having found, contrary to his expeQation, 
an apparent reflection of cold, he fets about 


reconciling this appearance with his theory 
of reflected heat. 


I ſhall now firſt give M. Pictet's expla- 
nation of the phenomenon, according to 
his theory; I ſhall then ſhow, that this ex- 
planation, which cannot be admitted upon 
the falſe principle of reflected heat, may 
be admitted upon the principle of inviſible 
light, provided that the ſuppoſition, which 
M. Pictet is obliged to make in his _ 
nation, 1s Juſt. 


He 
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He proceeds upon this principle, al- 
though he does not expreſs it, that, in a 
chamber where all the bodies are in an e- 
quilibrium of heat, there is no irradiation; 
but that, as ſoon as there ſhall be introduc- 
ed a body of a colder temperature, there 
| will then be eſtabliſhed an irradiation of 
heat, from all the bodies of the chamber 
to the cold body, until the equilibrium be 
reſtored. 


In applying this principle, he conſiders 
the thermometer as the radiating or warm 
body, and the matraſs with ſnow the cold 
body which 1s to receive the irradiated heat; 
and he employs the two concave mirrors, 
(placed at ten and a half feet diſtance), to 
convey the irradiated heat from the ther- 
mometer to the matraſs. This experiment 
he conſiders as the ſame with that of the 
ch matraſs with boiling water, only in this caſe 
la- of the ſnow the irradiated heat moves in 
the oppoſite direction, viz. from the ther- 
mometer to the matraſs; and this, he ſays, 
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is a farther proof, were it neceſſary, of the 
reflection of heat. 


We have acquired a new theory of in- 
vilible light; and this theory may be now 
compared with that of the irradiated and 
reflected heat, in this explanation which 
M. Pictet has given, with regard to that 
anomalous phenomenon of an apparently 
irradiated cold. 


That a ſubſtance eradiated in the focus 
of a concave mirror ſhould be reflected in 
parallel rays to another mirror of the ſame 
kind, and, by a ſecond reflection, be con- 
centrated in the focus ſo as to be there col— 
lected in the very order in which it had 
proceeded, is conceivable; it is actually 
the caſe with light, and with no other ſub- 
ſtance ſo far as we know. Thus, we have 
here two focal centers that may be diftin- 
guiſhed, viz.” the center of cradiation or e- 
miſſion, and that of convergence or recep- 


tion. 


Let 
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Let an irradiating body, ſuch as a candle, 
be placed in the one focus, and a white or 
rcfulgent body in the other; then, the 


white body will receive a great part of the 


irradiated light, and will reflect a great part 
of it again, while a certain portion of it 
will be retained in the modification of heat. 
But now, inſtead of the white body, let a 
black body be placed in the center of re- 
ception, then, more of the converging light 
will be abſorbed and become heat ; bur, 
we have no reaſon to believe that, in this 
caſe, any more light will proceed from the 
radiating center, than before. This is the 
caſe with viſible light; and, were we to 
reaſon analogically, with regard to the 22“ 
v;/ible light, we would fay, that a warm 
body, placed in the one center, would ra- 
diate its inviſible light at the fame rate ap- 


parently, whether it were a warm or a cold 


body that ſhould be placed in the other 


Center. 


But though thus, in reaſoning analogi- 


cally, 
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cally, we cannot ſuppoſe that a cold body, 
placed in the one center, ſhould have any 
influence upon the emiſſion of the inviſible 
light from the warm body placed in the 
other center, yet, ſo far as we do not 
know the laws that may be obſerved in the 
emiſſion of that inviſible light which has 
been now inveſtigated, or all the ne— 
ceſſary conditions of its action and affec- 
tion, we may conceive ſuch a thing; or, 
we might ſuppoſe it, without a manifeſt 
inconſiſtency with the laws of action pro- 
per to this ſpecies of light. 


This however is not the cafe with re- 
gard to the explanation which M. Pictet 
has given of the phenomenon 1n his expe- 
riment ; for, the ſuppoſitions which he is 
obliged to make are inconſiſtent with our 
phy ical principles. Firſt, he ſuppoſes heat 
to be radiated from the warm body in the 
manner of light, a ſuppoſition which 1s 
contrary to the rule of the diffuſion of heat, 
and the retention of that particular modi- 
fication of the ſolar ſubſtance in bodies. 

a Secondly, 
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Socondly, he muſt ſuppoſe the irradiated 
heat to be reflected from the ſurface of the 


| firſt mirror; here again is an idea contra- 


ry to our experience; for, inſtead of being 
reflected from the metallic body, if it is 
heat, it ſhould be moſt powertully abſorb- 
ed by it. Thirdly, the irradiated heat muſt 
paſs by the cold body, be reflected again 
from the ſecond mirror, and be concentrat- 
ed in a focus; and theſe are ſuppoſitions 
directly oppolite to all that we have learn- 
ed with regard to the laws of heat. 


But this is not all, for, this explanation, 
which M. Pictet has given, requires ano- 
ther ſuppoſition to be made, a ſuppoſition 
analogous to what we have juſt now pro- 
poſed with regard to the emiſſion of inviſt- 
ble light : This 1s, that the cold of the one 
body, in the center of reception, ſhall be a 
condition for the emiſſion of heat from the 
body in the center of eradiation, when o- 


therwiſe that body would have emitted 
none, 


1 
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know not upon what principle this ſup- 
poſition, with regard to the emiſſion of heat 
from a body, ſhould be made; but now 
let r ea ſuch a ſuppoſition equally with 
regard to the emiſſion of inviſible light and 
that of reflexible heat, in order to ſee which 
of thoſe two theories will beſt explain the 


phenomenon, by means of the ſuppoſition 
which 1s here made. 


With regard to the one, if we are ſatiſ- 
fied that it is not in the nature of heat to 
be eradiated from bodies, and to be reflect- 
ed from a metallic ſpeculum, then, the new 
ſuppoſition, which M. Pictet is obliged to 
make in order to explain the appearance, 
muſt fall to the ground ; for, where there 
is no emanation, there cannot be required 
any particular condition for that ſpecies of 
emiſſion, This however is not the caſe 
with regard to the other theory, which ac- 
knowledges radiated emiſſion of inviſible 
light; here we may be allowed to ſuppoſe 
certain conditions neceſſary for the emiſſion 


Or 
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or not emiſſion of that irradiation ; ſo far 


therefore as thoſe ſuppoſitions ſhall be found 
conformable to the natural appearances, 
there will be reaſon or probability in the 


theory ; and then this theory may be ad- 
mitted, not as a phyſical principle, (which 
it is not), but as a ground on which to pro- 


ceed with other experiments, in order to be 


corrected if falſe, or, if true, to be confirm- 
ed, and thus become a principle. 


I am now to propoſe an experiment of 
this kind; it is an experiment which M. 


Pictet might eaſily have made, or rather 


which he could hardly have failed to make, 


but to which he does not ſeem to have at 
all attended. 


In the experiment we have deſcribed, 
there was apparently a radiated emanation 
of cold from a body ; and this. emanation 
appeared to be reflected from the ſurface of 
a metallic ſpeculum in the manner of light, 
and to be concentrated in a focus, by which 
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a body was cooled. M. Pictet, who, like 
other natural philoſophers, cannot allow 
the poſitive nature of cold, has attempted 
to explain the appearance, by ſuppoſing an 
emanation of heat, from the thermometer 
in the one focus, and the abſorption of that 
heat, by the cold body in the other focus, 
after it has been twice reflected from the 
mirrors. I have now endeavoured to ſhow 


the error of that explanation; and I have 


propoſed an explanation of the ſame kind, 


upon the principle of inviſible but beating 


light. In this explanation there are requi- 


red certain conditions for either the emiſ- 


ſion or not emiſſion of that light from bo- 
dies; which conditions we are at preſent 
obliged to ſuppoſe, not from any principle 
in our ſcience, but merely for the purpolc 
of that explanation. 


But now, in order to acquire ſome more 
light into this doubtful ſubject, it would be 
neceſſary to inquire concerning the parti- 
cular direction in which the radiated ema- 

| nation 
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nation is made. We have been confider- 
ing this emanation as proceeding from the 
thermometer, and as terminating in the 
cold body, which is the condition for the 
emiſſion or emanation of that ſubſtance 
which, while in the body, is the cauſe of 
heat. This then is a matter of fact, which 
it is of the utmoſt importance to have de- 
cided, before we proceed any farther in 
reaſoning upon appearances with regard to 
the nature of heat and cold. Now, this is 
what I think we have the means of doing ; 
and this is what I am ſurpriſed that M. 
Pictet did not inquire into, inſtead of giving 
us a hypothetical explanation of a dubious 


or equivocal appearance. I ſhall now de- 
{cribe this experiment. 


In this caſe, of the apparent irradiation 
of cold, we have an extremely ſmall body, 
i. e. the thermometer, in the one focus, 
and a great body, i. e. the cold matraſs, in 
the other. Therefore, if the emanation 
proceeds from the great body, the ſmall 
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body will be affected, by the concentrated 
emanation, when it is in that focal place; 
but, remove it never ſo little out of that 
place, to the one ſide, and it will not be 
any more affected by the concentrated ema- 
nation. If, on the contrary, the emanation 
proceeds from the ſmall body, then, altho' 


this thermometer be removed to a fide juſt 


out of the focus, ſtill the emanation from 
it will fall upon the large body, although 
not upon the middle of it; conſequently, 
that cold body ſhould ſtill have the ſame 
effect upon the thermometer, as affording 


to it the proper condition for the emana- 


tion of its heat in the form of light. 


If it ſhould thus be found, that the irra- 
diated matter does not proceed from the 
thermometer, to the cold matrais as the 
proper condition for its emanation, this 
would be at leaſt one ſtep gained; and, 
this might lead us, or be the means of di- 
recting our farther progreſs in this phyſical 
reſearch. 


Part III. Heat, and Fire. 83 


I have been now propoling a certain ex- 
planation with regard to the phenomenon 
of the experiment, in reaſoning after the 
manner of M. Pictet; but, this was only 
in order to compare the theory of reflected 
heat with that of the inviſible light of bo- 
dies, when theſe two theories ſhould be 
ſeverally employed for the explanation of 
appearances ; and, it was not with any view 


of affording ſuch a ſatisfactory evidence as 


phyſical truths require. So far from having 
had that view, I am now to ſtate a ſerious 
objection, in my opinion, to this manner of 
explaining the phenomenon, whether ac- 
cording to the theory of irradiated and re- 
flected heat, or to that which I have pro- 
poſed according to the theory 0! invitible 
light. 


When a quantity of heat or light u:! 
poſed to be irradiated in the one focus. 
the two oppolite mirrors, and when this :r- 
radiated ſubſtance is collected by the reti-c- 
tion of thoſe mirrors into the other focus, 


it 
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it muſt be eaſy to conceive how that irra- 
diated ſubſtance may be greatly increaſed 
in its intenſity by this concentration, and 
thus either illuminate or heat a ſmall body 


In that focus ; but, when we ſuppoſe a ſmall 
body radiating in the one focus, and a com- 


paratively great body attracting or receiving 
that irradiation, in the other, as is the caſe 
at preſent in ſuppoſition, Why is not the 
thermometer, which is the ſmall body, 
quickly reduced to the temperature or de- 
gree of cold which is then ſubſiſting in the 
great body? Nothing like this, however, 
actually takes place; for, the thermometer, 
which is of air, and contains only a grain 
or two of matter, becomes ſtationary when 
there is a vaſt diſproportion between the 
degrees of heat in thoſe two bodies, 


Here is a difficulty which occurs to the 
explanation of the phenomenon, whether 
we ſhall ſuppoſe that irradiated matter to 
be either heat or cold, and whether that 
emanation proceeds in the one direction or 

the 
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the other; for, if a free communication is 
eſtabliſhed, by means of the mirrors, be- 
tween the cold and hot bodies, as there 
would be by immediate contact, Why is 
the temperature of the thermometer ſo ex- 
tremely little affected? The reſpective 
temperatures of thoſe two bodies are not 
to be conſidered as any ways communica- 
ted; for, 30 or 40 degrees of cold in the 
matraſs does not produce above one half or 
one fourth of a degree in the thermometer ; 
and this is done almoſt immediately, after 
which the thermometer becomes ſtationary. 
| mention this as an appearance in ſome 
degree inconſiſtent with the ſuppoſition of 
it being either heat or cold that 1s here 
communicated ; for, were the temperatures 


of bodies thus communicated, Why ſhould 


that extreme ſmall body, of the thermome- 
ter, make no farther approach towards the 
temperature of the matraſs, while this cold 
body, which had ſo ſuddenly affected the 
thermometer, is nothing ſenſibly diminiſh- 
ed in its power of either taking heat or gi- 
ving cold? 
Having 


86 Pbilgſepby of Light, Part III. 


Having thus found the greateſt, if not 
the moſt inſurmountable difficulty in ex- 
plaining the phenomenon in queſtion, by 
ſuppoſing bodies not eradiating inviſible 
light when they are all in an equal tem- 
perature of heat, we may now examine 
what may be the effect of ſuppoſing, on 
the contrary, that bodies, in that caſe of 
equal temperature, are always emitting in- 


viſible light proportionably to their ſenſible 
heat. 


I have already ſhown, that if bodies 
truly radiate either inviſible light or reflex- 
ible heat, when in an equal temperature, 
this may be rendered ſenſible in its effeQs, 
by means of the concentrating mirrors. We 
are now to conſider how far M. Pictet's 
experiment, of an apparent emanation of 
cold, may find any explanation in the ſup- 
poſition which we are now to make, viz. 
that, in an equal temperature of heat, bo- 
dies are always radiating their inviſible 
light. But, let us firſt endeavour to form 
| ſome 
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ſome diſtinct notion with regard to that par- 
ticular ſtate or conſtitution of things, which 
analogically we have every reaſon to ſup- 
poſe. | 


We have found that bodies, far below 
the heat of incandeſcence, eradiate a ſpecies 
of light, which is reflexible by metallic ſur- 
faces, and which has great power in exci- 
ting heat, We know not any period, in 
the gradation of cold, at which this irradi- 
ation ceaſes to be emitted from bodies ; for, 
as it is only by the reflection and concen- 
tration of this inviſible light that we become 
ſenſible of its exiſtence, by the heat which 
it produces, we have no reaſon to doubt of 
its exiſting long after it ceaſes to be the 
object of our obſervation. In order to un- 
derſtand this, let us conſider the natural 
ſtate, in relation to heat as well as light, of 


thoſe bodies from whence we have our in- 
formation. - 


We are to contemplate bodies communi- 
cating 


98 — DPhili/opby of Light, pan Il. 


cating mutually their irradiated light ; by 


this means, their temperatures with regard 
to heat muſt be always changing, and al- 
ways tending to be equaliſed. But, there 
is another cauſe always acting, in tending 
to form an equilibrium of heat among bo- 
dies; for, thoſe which are in contact, com- 


Thus, by means of the earth on which they 
reſt, and the fluid medium in which they 
are involved, bodies muſt be conſidered as 
always communicating their temperatures, 
and the warmer giving heat always to the 
colder, particularly by means of the fluid 
medium in which they are immerſed. 


There are thus two ſources for the com- 
municating of heat among bodies; and, 
each of theſe two modes obſerves its proper 
laws and conditions of action and affection. 
To illuſtrate this, the obſcure or inviſible 
light, which is ſo powerful in communica- 
ting heat, appears to be very differently af- 
feed, in meeting, on the one hand, with 

a 


municate their heat by the act of diffuſion : 
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a tranſparent plate of glaſs, and on the other 
with the refulgent ſurface of a metal; in 
the one caſe, it is powerfully abſorbed or 
converted into heat; in the other, it is 
powerfully reflected, and therefore ſhows 
little effect in heating the metallic body. 
Such are the laws obſerved in the various 
abſorption and reflection of light; by which 
means different bodies are variouſly affec- 
ted in their temperature, though all equally 
expoſed to the ſame irradiated light. | 


In like manner the diffuſion of heat 
proceeds alſo upon very different principles, 
in which, however, we find a ſort of gene- 
ral rule, which is obſerved in a great de- 
gree. But, fluids poſſeſs a peculiar proper- 
ty in relation to the communicating of heat 
among bodies ; for, being much dilated by 
the heat which they receive, and being mov- 
ed, by that dilatation, in relation to the body 
from whence they had received heat, they 
acquire a new power of mechanically tranſ- 
lating heat, by conſtantly applying cold 

| M 5 Parts 
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parts to the warmer bodies, and warm parts 
to the colder. 


Light and heat being thus active prin- 
ciples in relation to bodies; and, natural 
bodies being ſo differently affected by thoſe 
active principles, this exhibits a very com- 
plex ſtate of things, in which the various 
aſſociated bodies. are to be conſidered as 
mutually acting and affected, whenever any 
of them has a different temperature from 
the reſt. But, before conſidering bodies in 
that ſtate of different temperature, we are 
firſt to ſuppoſe them all to be of one tem- 
perature, or 1n an equilibrium with regard 
to heat, but all irradiating their inviſible 
light. 


We ſhall now eaſily perceive, that the 


ſuppoſed ſtate of a perfect equilibrium, or 
equal temperature among bodies, is, like 
that of their conceived equalities, a thing 
merely ideal; and that, ſuppoſing it actual, 
it could not ſubſiſt a moment. It is in ſup- 


poſition, 


ike 
ing 


On, 
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poſition, that the bodies are all eradiating 
inviſible or heating light; it is alſo certain, 
from experience, that this light is variouſly 
affected, according to the colour, the reful- 
gence, the tranſparency, and other ſpecific 
qualities of the bodies on which it falls, 
through which it is tranſmitted, and by 
which it is reflected. Here, therefore, is a 
continual ſource of variation, or change, for 
the heat of bodies. But, as bodies emit in- 
viſible light only in proportion to their ſen- 
ſible heat, we find, in this, an oppoſite 
ſource of equalization, tending to reſtore 
that equilibrium which is alſo continually 
loft, Things therefore are not kept in any 
ſtate of inactivity, when we perceive no 
change; but, they are often preſerved ap- 
parently ſtationary, when there is truly no- 
thing fixed, and when oppoſite powers 
are alternately prevailing, or continually 
balancing each other, 


Theſe are the general principles npon 
which our ſcience, with regard to the 
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changing temperatures of bodies, muſt; pro- 
ceed, Let us now conſider the particular 
ſtate of things, in that experiment which is 
the ſubject of our reaſoning. 


The thermometer, which is the body to be 
either heated or. cooled in the focus of one 
of the mirrors, is an air thermometer: the 
bulb is only three or four lines in diameter, 
and blown as thin as poſlible. This body is 
therefore affected by a very ſmall quantity 
of heat; and, it is expoſed with ſo great a 
ſurface to the ſurrounding fluid medium, 
that it muſt be quickly reduced to the tem- 
perature of the atmoſphere by the diffuſion 
or communication of its heat. 


It is in this ſtate that we are to conſider 
the indicating thermometer in our experi- 
ment. Being placed in the focus of a re- 
flecting ſpeculum, great part of the light, 
which falls in a proper direction upon that 
ſpeculum, is concentrated in the focus, 19 
as to increale the heat of the thermometer; 

and 
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and the circumambient air is continually 
abſtracting that increaſed heat. This body 
therefore, in theſe circumſtances, may be 
continually receiving heat by means of ir- 
radition, and continually emitting heat by 
diffuſion, while, from our obſervation, we 
might conclude that it is ſtationary, and 
that it is neither receiving nor emitting any 
thing, if the quantity of change is ſufficient- 
ly ſmall, or if the means of our informa- 
tion are not ſufficiently accurate. 8 


We are conſidering chis extremely ſen- 
ſible thermometer placed in the focus of 


one of the mirrors, while there is nothing 


in the focus of the other, and when all the 
ſurrounding bodies are ſuppoſed to be of the 
lame temperature. In this caſe, we mult 
ſuppoſe that the temperature of the thermo- 
meter will be increaſed, although, from the 
mall quantity of that increaſe, and from 


the operation of the air preventing any far- 


ther accumulation of heat, that degree of 
increaſed heat may be too ſmall to be a 


matter 
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matter of obſervation. Let now a maſſy 
body, ſuch as a matraſs with water, of the 
ſame temperature with the ſurrounding bo- 
dies, be placed in the other focus. Here is 
evidently, upon the principle now in ſup- 
poſition, i. e. of bodies always emitting in- 
viſible light, a cauſe for a farther increaſe 
of the heat of the thermometer, although 
this perhaps may ſtill be too ſmall an ob- 
ject for our obſervation unleſs executed 
with art. But, this is a fact of which we 
are not at preſent informed; it is a fact of 
which M. Pictet certainly had the oppor- 
tunity of informing himſelf, had he taken 
this view of the ſubject ; and it is the fact, 
perhaps, upon which the explanation of his 
experiment, with regard to cold, depends. 


In order to ſee this, let us ſuppoſe that 
the thermometer ſhall be actually half a de- 
gree warmer than the temperature of the 
ſurrounding bodies * ; then, inſtead of the 

| '  matrals 


* To thoſe who know how difficult it is to aſcertain 
the temperatures, in caſes of change, this ſuppoſition 
will not appear to be unreaſonable, 
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matraſs being of the common temperature of 


the place, let one full of ſnow be placed, as 


M. Pictet did, in this experiment. It muſt 
be evident that, in this caſe, the heat of the 
thermometer muſt be diminiſhed; not by 
the reflection and concentration of any cold 
emanation from the matraſs, but by a ſmal- 
ler irradiation of that emanation by which 
the thermometer had been heated before. 
Take then away the cold matraſs, and the 
thermometer will riſe in its temperature; 
increaſe the cold of the matraſs, as M. Pic- 
tet did, by the effuſion of nitrous acid, and 
the thermometer will {ink in its tempera- 
ture, 


The general philoſophic view of the ſub- 
ject, which I would now propoſe, is this; 
Firſt, that when we have a thermometer 
placed in the focus of a concave fpeculum, 
the rays, which in general come from the 
oppoſite fide, are concentrated by the reflec- 
tion of the mirror, and thus made to heat 
that thermometer above the common tem- 

perature 
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perature of the place. Secondly, when we 
have a great cooling cauſe introduced into 
that ſide from whence the inviſible light 
had been radiated to the mirror, the heat 
acquired by the concentration, whatever that 
may be, muſt be diminiſhed. Hence the 
thermometer will be affected apparently by 
the irradiation of cold, when truly it is on- 
ly affected by the irradiation of a ſmaller 
quantity of the inviſible heating light. 


This experiment is not a ſubje& for 
common obſervation. The differences of 
temperature, to be obſerved, are neceſſarily 
ſmall ; and therefore the inſtruments re- 
quire to be made extremely ſenſible. But, 
not only are accurate inſtruments required, 
it is alſo neceſſary to make the obſerva- 
tions with proper {kill and minute attention 
to every affecting circumſtance ; otherwiſe, 
the experiment, inſtead of advancing ſci- 
ence, might miſlead our underſtanding of 
the ſubject. I make no doubt that, in the 


hands of M. Pictet, the problem may be 


caſily 


the 
7 be 
aſily 
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eaſily reſolved, whenever he ſhall make the 
experiment with that view. But, in thoſe 
experiments, where minute charges are the | 
ſubject of obſervation, and where the quan- 
tity to be meaſured approaches ſo nearly to 
the neceſſary errors of obſervation ; al- 
though the reſult may be ſufficiently ſatis- 
factory, the accuracy of the experiment 


would require all che poſſible means of 
confirmation. 


The experiment which M. Pictet has 
given us has every mark of ability in the 
deſign, and accuracy in the execution ; but 
it was not made with the view which I 
haye here propoſed. It ſhowed ſufficiently 
all that was required, viz. that the cold 
body in the one focus had a manifeſt effect 
upon the thermometer in the other ; but 
no obſervation could be made for aſcer- 
taining the point now in queſtion, which 
was not then probably a ſubject of con- 
hderation. This experiment, therefore, is; 
far from being deciſive of the important 

N queſtion, 


! \ 
'4 
\ 
M9 * 
1 . 
. l 
4 - 
1 ö 
1 
N 
4 „ 
16 
| 
K 
U 
bl 
* 0 
Th | 
l 1 Mi 
it 
iN : 
' * 
. 
= KB 
*t p . 
G * 
1 i 
, G 
ts d 
1 
„ 4 4 
= 
ih Lhe 
"# o 
1 
- 
1 +* 
* 
* 
1 
* % 
* 
* 5 [4 
' 
1 
LY „ 
4 1 
4 5 
o 
vr 
I 
+ d 
| 
4 
1.5 , 
% 4 
br 
i : 
I 
. N 
1. 
FS | 
. 
3 
* . 1 . 
. 
_ 7 
TI 
4 1 
* 
1144 
N by 
*Li 8 
* 378 
U. : 
oy 
"+ 
? 4 
7 . 
1 4 
Ls | . 
1 kn 
+ if 
i 
- ( 
p1 1 
1 
4 5 
Ld 
"7 
* 
1 
2 
4 [ : 
4 
. þ 
| = 
| # 
= 
4 
198 
F „ 
: : 
: 1 
£ 
2 : 
'Y 
. : 
[ : 
c : 
—_— 
* 
0 "#4 
4 4 
14 ; 
x 
o $* 
„ 
* » 
n „ 17 
1 4 
. 
G 1 
1 
N 
10 
{ 1 
* : 
* 
* 4 
. 
\ 4 
i 4 
* 
* 
* n 
1 
1 
5 * 
| . 
1 
- 4 N 
t it 
. 
2 
1 1. 


— 86 : — 
. 
——c * 


D ”— — 
4 
— — 


3 —² 2 


24 
—— 


98 Philoſophy of Light, Part III. 


queſtion, however well it is adapted for 
raiſing doubt with regard to the theory of 
heat and cold. I have now endeavoured 
to remove that doubt, and to give an ex- 
planation of the appearances in that experi- 
ment, by reaſoning from our acquired prin- 
ciple of inviſible light. But, this explana- 
tion is conditional; and, in order to its be- 
ing made abſolute or confirmed, it would 
require the accurate obſervation af many 
circumſtances. I do not therefore give it 
as deciding the queſtion with regard to the 
nature of heat and cold, but as leading to 
thoſe obſervations and experiment by whick 
it is to be decided, 


In conſidering the former explanation, 
which procèeded upon the ſuppoſition that 
the different temperatures of bodies was the 
proper condition for the emanation of either 
light or heat, I made an objection to thoſe 
explanations, in that che effect appeared to 
be ſo much diſproportioned to the cauſe. 
This objection, however, of too ſmall a 

| quantity 
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quantity in the effect, will not naturally oc- 
cur in the explanation which has now 
been given; but, how far, on tlie other 
hand, this quantity may be confidered as x 
thing too great, therefore like wiſe diſpro- 
portioned to the cauſe; is what 1 have not 
proper data to decide, ; 

I am fuppolingithat there was a difference 
between the thermometer and the general 
temperature, before tlie cold body was ap- 
plied; but not knowing what'this difference 
is, it is impoſſible to judge of the propor- 
tion in tlie effect. Let us ſuppoſe that the 
temperature of the thermometer is increaſ- 
ed, by means of the mirrors, a degree or 
half a degree above what it would other- 
wiſe indicate, and that the half, or the quar- 
ter of that influence, ſhould be loſt by the 
introduction of the cold matraſs, we ſhould: 
then have reaſon to ſay, that the effect did 
not ſeem to be diſproportioned to the cauſe. 
But, were we thus to have an effect correſ- 
ponding to the cauſe in quality, and alſo 

juſtly 
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juſtly proportioned in its quantity, we 
ſhould have an explanation of the pheno- 
mena, in which there would be no apparent 
error or defect. 


But now it will be proper to take a view 

of thoſe deficiencies, in our phyſical ſcience, 
which muſt retard the progreſs of philoſo- 
phy; it is by ſeeing ſuch defect that we 
may proceed, by reaſon and experiment, to 
remove the obſtructions in our knowledge, 
In no ſubject, perhaps, of natural philoſo- 
phy, is there ſo fertile a field as in that of 
light and heat; in no ſubjeR, therefore, is 
it more important to call the atteni'on of 
philoſophers, 


PAR1 
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PART IV. 


An Examination of the preſent flate of Science 
reſpecting Light, Heat, and Cold; with a 
view to promote the Philoſophy of that 
ſubfect. <q 


WI have been examining certain ano- 
malous appearances with regard to the ef- 
fects of heat and cold; and we have cos 
dered the explanation of thoſe aopr 
by men of fcience who had W. ihe cn 
periments, Now, I have ihown that thete 
explanations are not conliſtent with the 
phyſical principles generally received ; and 


I have endeavoured to reconcile thoſe ap- 


pearances with our principles, by taking 
the ſubject in a different view, and by in- 
veſtigating more particularly the nature of 
light in relation to its power of exciting 
heat, 


Having 
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Having thus compared two different phy- 


ſical theories, I then propoſed certain expe- 
riments by which theſe hypothetical expla- 
nations may be tried. If the principles up- 
on which we have been reaſoning in- ex- 
plaining thoſe anomalous appearances ſhould 
be thus confirmed, we would then have 
made an acquiſition of ſome new principles 
for the farther progreſs of our ſoience. 


The immediate object of that inveſtiga- 


tion, which has now been given, reſpects 


the apparent reflexibility of heat and ema- 


nation of cold, events which certainly re- 
quire to be ſ{triftly examined. But, in. the 
mean time, before thoſe queſtions are final 
ly decided by experiment, it may be proper 


to ſee the importance of the ſubject to na- 
tural philoſophy, and alſo to ſee the neceſ- 


ſity of that accuracy in making ſcientiſic 
analyſis, by which it may be qualified to 


anſwer the end of its intention. In that 


caſe, the ſeience of phyſics may appear to 


be no leſs perfect in its nature than is that 
| | of 
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of mathematics, which is a light in which 
that ſubject is not commonly viewed. 


For this purpoſe, I wiſh to call the at- 
tention of philoſophers to the general ſcience 
of which we have here a particular ſubject 
under conſideration. For, if the progreſs 
of philoſophy may be retarded by a certain 
error in the manner of purſuing ſcience, or 
by an inadvertency which needs only to be 
ſeen to be corrected, here is the moſt im- 
portant ſubje& for inveſtigation, - to point 
out the place where the true path of ſcience 
had been forſaken. Here is an object of 
which we never ſhould loſe ſight, viz. to 
examine carefully the truth of every ſtep 
by which we had proceeded in our ſcience; 
as one falſe ſtep may lead into the moſt in- 
conſequential train of reaſoning, and vitiate 
the philoſophy in which that ſcience is em- 
ployed. 


We can only judge of the ſtate of ſcience, 
in any branch, from the opinions of philo- 
ſophers 
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ſophers who have written upon the ſubje&, 
I have therefore given what has been faid 
by eminent men of ſcience, with regard to 
Heat as a philoſophical principle. Having 
thus the opinion of philoſophers reſpecting 
heat in general, and having ſeen their ap- 
plication of that phyſical theory for the ex- 
planation of phenomena in thoſe intereſting 
experiments which we have now examined, 
we thus procure data for judging of the ge- 
neral ſtate of knowledge in that branch of 
ſcience—a branch which is not only uſeful 
in itſelf, but is at preſent that with which 


natural philoſophy is perhaps the moſt con- 
cerned. 


From ſuch a view of things as this, I per- 
ſuade myſelf that the ſubjects heat and cold, 
as qualities of bodies, or principles of action 
in external things, will ſoon attract the at- 
tention of philoſophers, who muſt inquire 
into the cauſe of every change, as well as 
into the nature of every fate of things. 
There is alſo reaſon to believe that this ſub- 


Ject 
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jet heat and cold, when properly analyſed, 
or traced to the firſt principle, and when 
all the ſteps of that inveſtigation ſhall be 
clearly perceived, will appear to be the moſt 
important principle in natural philoſophy, 
after that of gravitation. This quality of 
bodies, which we term heat, mult therefore 
appear to merit all the attention that we can 
| beſtow; for, if natural philoſophy has made 
ſuch progreſs by the ſucceſsful analyſis and 
generaliſation of another quality, namely, 
that of weight, there mult be every reaſon 
tor proceeding in a ſimilar manner with the 
quality of heat;—a quality no leſs inherent 
in bodies than is that of their weight, and 


a quality certainly no leſs powerful in its 
effect. 


We have been endeavouring to explain 

a certain appearance with regard to heat; 
but the explanation of a particular appear- 
ance, however important in the ſcience of 
phyſics, is an inferior object in the view of 
natural philoſophy ; for, here the proper 
0 object 
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object is to make men of ſcience attend 
to the inveſtigation of thoſe principles by 
which appearances in general are to be ex- 
plained. It is chiefly with the view of mak- 
ing it uſeful in philoſophy, that I have now 
examined the ſubject heat and cold, in thoſe 
particular experiments, and in the explana- 
tion given by philoſophers of thoſe appear- 
ances. It is now time to abol:!: that in- 
conſequent manner of reaſoning, with re- 
card to natural philoſophy, which has been 
practiſed in the dark ages of piy1cai i- 
ence. | | 


We have at leaſt one great prin 
from whence to reaſon in purſuing {cies -, 
and, what is ſtill more, we underſtand che 
ſcience of reaſoning by means of phyßcal 
principles: This is the ſubject to which! 
now mean to call the attention of philoſo- 
phers, in ſeeing thoſe obſtructing cauſes 
which are to be removed, and in thus point- 
ing out the proper means to be employed 
in bringing our preſent ſcience to a more 


perfect ſtate. 
„ | At 
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At one time, the abhorrence of a vacuum 
was thought to explain the particular ap- 
pearance for which that notion was con- 
ceived; at preſent; a natural philoſopher 
would be aſhamed to entertain ſuch an idea. 
But though our mechanical phileſophy, in 
reaſoning from ſound principles, is ſo much 
improved, there is reaſon to believe that 
natural philoſophy is not equally fortunate 
| in other branches of our ſcience. Natural 
| philoſophers, even the moſt enlightened 
. men, have now propoſed to explain a cer- 
tain appearance upon a prineiple perhaps 
no leſs unſcientifically conceived ; this is 
that of reflected heat. Here is a ſubject 
which demands the ſtricteſt examination; 
not only with a view to correct one falſe 
ſtep which has been made, but to prevent 
any farther deviation. 
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In order to explain a matter of fact, or 


natural appearance, by a matter of hypo- 
theſis, there muſt be ſome media by which + 


the thing to be explained, and the hypothe- 
tical 
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tical invention, may be properly aſſimilated; 
and the medium, thus employed, muſt be 
a matter of fact, or an acknowledged truth. 
But, the reflection of heat, which is the hy- 
potheſis in the explanation, is, like the ab- 
horrence of a vacuum, a mere ſuppoſition, 
and has no evidence in nature, although, 
like the other, it is conceived in idea and 
expreſſed in language; it is an incongru- 
ous aſſociation of ideas which have no na- 
tural relation. But, philoſophy muſt ſee 
the evidence of every ſtep, or mean em- 
ployed between the explanation and the 
appearance; it muſt alſo ſee the ultimate 
or firſt principle from whence all the others 
muſt derive their evidence; and, it muſt fee 
thoſe principles which, while they are ne- 
ceſſarily believed, cannot be farther explain- 
ed in ſeeing their principle: It is hen that 
philoſophy is perfect in any ſubject. 


It may perhaps be alledged, that inviſible 
light, by which I have endeavoured to ex- 
plain the appearaaces in thole experiments, 

13 
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is nothing but another term for that which 
has been called obſcure or reflected heat; 
and, therefore, that the term reflected heat 
muſt give the ſame idea as that which is to 


be annexed to inviſible light, i. e. matter 


moving from one place or body to another. 
This argument may, to ſome, appear ſpe- 
cious ; therefore it ſhall now be anſwered. 


There is an -infinite difference between 
the idea of reflected heat, and that of invi- 
ſible light, ſo far as heat and light are things 
abſolutely different ; and though reflexibi- 
lity might ſo far aſſimilate heat with viſible, 
and ftill more ſo with inviſible, light, this 
can have no influence on the preſent queſ- 
tion, which is not, Whether reflexible heat 
might explain the appearance; but, Whe- 
ther there be ſuch a thing as heat that is 
reflexible? With regard again to the queſ- 
tion, Whether there be ſuch a thing as in- 
viſible light? this is at leaſt a rational ſup- 
poſition; for, though viſibility be an attri- 
bute of light, this is only in relation to our 

ſenſe; 
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ſenſe ; whereas, in relation to bodies, light 
has other attributes; it moves with a cer- 
tain velocity, and it is either reflected, ab- 
ſorbed, or tranſmitted, according to rules 
and conditions which are to be inveſtigated. 
Beſides, with regard to its viſibility, there 
is an indefinite gradation from the brighteſt 
to the moſt obſcure lightz .and we have 
every reaſon to believe, that light continues 
to be radiated from bodies after it ceaſes to 
be viſible to our ſight, in like manner as 
there 1s heat in bodies which to us appear 
cold, But; to ſuppoſe heat moving from a 
body in the manner of light, and to be con- 
eentrated by a reflecting ſpeculum into a 
focus, is a propoſition that is unreaſonable; 
as being founded upon no real idea or ac- 
tual knowledge. It muſt not be alledged, 
that it is founded upon this experiment or 
fact which is to be explained by it; we 
might as well ſay, that the abhorrence of a 
vacuum is proved by the riſing of water in 
the pump. Before reflexible heat can be 
employed for the explanation of the expe- 


riment, 
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riment, there muſt be ſome reaſon given 
for this fact in ſuppoſition, viz. that heat is 


reflexible; and, at preſent, there are ame 
{0 far as I know, 


[hae been repreſenting the theory of 
heat and cold as the ſecond great principle 
in natural philoſophy ; I with the evider.c; 


of that propoſition to be ſeen ; ang 


ſhall endeavour to ſhow the Seat ira 
tance of it. 


1 


Weight has been generaliſed, and taus is 
found to be an inherent quality in every 
action in bodies, of which we underſtand 
the meaſure and conditions. But, is the 
heat, or is the cold of bodies, a principle or 
a fact of Jeſs importance in the ſyſtem of 
this world, than is that of their weight? 
Now, all I contend for is this, that philoſo- 
phers ſhould ſeek for that principle in the 
heat and cold of bodies, which cannot ad- 
mit of any farther explanation, and which 


muſt, 


. Here then is a general principtie of 
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muſt have its truth as evident, to thoſe who 
ſee the ſteps of the inveſtigation, as is that of 
gravitation, which is the firſt, I had almoft 
ſaid, the only general principle at preſent 
acknowledged in natural philoſophy; for, 
Have we any univerſal principle of natural 
bodies, except that of their gravitation ? 
and, Will the principle of gravitation ex- 
plain all the qualities of natural bodies, and 
all their accidents and events, which it is 
the province of natural philoſophy to do ? 
90 far from this being the caſe, that there 
are perhaps as many appearances inconſiſ- 
tent with the principle of gravitation as a 
cauſe, as there are of thoſe which may be 
explained by it. It is needleſs, on this oc- 
cation, to exemplify in the violent explo- 
fion of gun-powder from the ſmalleſt ſpark, 


the gentleſt expanſion of a oP — the 
n 


In treating of heat, (vide Diſſertations up- 
on ſubjects of Natural Philoſophy), I have 
IT n to inveſtigate the principle cf 

. action 


Part V. Heat, and Fire: 113 


action by which are to be explained certain 
appearances in bodies, in like manner as has 


been done to the ſatisfaction of philoſophers. 


with regard to weight ; what may be the 
bpinion of philoſophers, with regard to that 
inveſtigation, has not yet appeared; I there- 
fore cannot reaſon upon that principle, as 
being admitted in our philoſophy, which is 
the caſe with reſpe& to gravitation. In the 
mean time, let us compare the progreſs of 
ſcience with regard to thoſe two principles, 
weight and heat. 


That bodies were known to be heavy, 
before the firſt bright period of natural phi- 
loſophy, is certain; the common ſenſe of 
mankind had generaliſed bodies according 
to that quality, of tending to deſcend with 
power ; but they did not know the prin- 
ciple upon which that quality of weight 
depended, in ſeeing the more general rule 
for the direction and intenſity of that ac- 
tion. The caſe is fimilar with regard to the 
qualities of heat and cold; mankind have 

P | always 


116 Philoſophy of Light, part IV. 


always generaliſed theſe actions or paſſions 
more or leſs in ſeeing the order of theſe 
events. But it is not enough to ſee that 
heat expands bodies; we muſt ſee the prin- 
ciple on which depends the expanding 
power, heat, or the conditions in which it 
acts; and, we muſt know the law which is 
obſerved in the direction and intenſity of 
that action. Here then would be the ge- 
neral principle of heat; thus we ſhould 
have another great power in bodies, with 
which that of gravitation might be com- 
pared; and we ſhould have another gene- 
ral principle by which the phenomena of 
nature might be occaſionally predicted, as 
well as generally explained. 


Before the time when the rules of the 
great Bacon began to be obſerved, philoſo- 
phers generaliſed matters of fact or vulgar 
notions, without analyſing them in order 
to ſind thoſe principles in which they may 
agree, or by which the various appearances 
of nature are to be explained; experiments 

were 
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were then deficient, and philoſophers, in 
generaliſing cauſes or events, were obliged 
to aſſimilate things upon fallacious grounds. 
But what excuſe can be given for philoſo- 
phers, in this age of analytical ſcience and 
experiment, aſſrmilating things which are 
the moſt diſtinctly different? In like man- 
ner, What is the reaſon why philoſophers 
have not generaliſed ſubjects for which they 
have ſufficient data in their ſcience? Here, 


it is evident, there muſt be ſome defect; 


and, to ſee the reaſon of this defect is at 
preſent the ſubject of conſideration. 


Natural philoſophy is founded on expe- 
riment; but, though the uſe of experiment 
is at preſent well known, the ſcience of that 
art is not equally underſtood. In order, 
therefore, to underſtand that practice on 
which the progreſs. of natural philoſophy. 
depends, we may now conſider the diſtinc- 
tion of experience and experiment, as the 
means of knowledge, 


3 


the ſucceſſion of thoſe things, and a certain 
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In the perception of natural events, a 
philoſpphic mind judges a certain order in 


ſimilarity in che things which are diftins 
guiſhed· This conceived order, then, is 
the ground on which proceeds the diſtinc- 
tion of cauſe and effect, the proper ſubject 
of philoſophy. But, this is a progreſs of 
underſtanding beyond what falls to the 
ſhare” of the mere animal mind, which 
nevertheleſs reaſons by experience, as well 
as the philoſopher. There is, however, 
this great difference, between the reaſoning 
of the brute mind knowing from experi- 
ence, and that of man conceiving order in 
that which he perceives ;- the brute. reaſon 
is not ſubject to error as is that of the phi- 
loſopher; and, in reaſoning ſcientifically, 
we find the diſtinction of true and falſe, 
which does not take place in the reaſoning 
of the animal. 


Man having thus formed a ſyſtematic 


order in the ſucceſſion of events, true phi- 


4m loſophy 
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loſophy is the placing of effects in the 
order of their cauſes, as falſe: philofophy is 
the miſplacing of thoſe things. With re- 


gard to phyſical knowledge, therefore, ex- 


perience is the ſagacious obſervation of 
ſimilarity among; diſtinguiſhed. things, 
which happen in external events; but, ex- 
periment is more than this experience. 
Experiment is the wiſe deſign of a ſcientiſic 
mind, inquiring after the order of events, 
and thus ſeeking knowledge by W it 18 
to be made ſtill more wiſe. 


Having made this diſtinction, we may 
now perceive, that the making of experi- 
ments without a wiſe deſign is the one ex- 
treme, in which a philoſophic mind may 
wander; and that the placing of events in 
the order of cauſe and effect, or the gene- 
raliſing of them without proper evidence, 
is the other extreme. But, not to genera- 
liſe thoſe events, when we have the means 
in our ſcience, is ſurely a defect, as is like- 
wiſe the neglecting to make thoſe experi- 

e | ments 
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ments to which we are directed in our ſci- 


ence, experiments for diſcovering the true 


onder of events, that is to ſay, for making 
progreſs in our philoſophic knowledge. 

That natural philoſophy muſt proceed 
upon matter of fact, as its fundamental 
principle, is certain; but matter of fact and 
philoſophical experiment muſt. be diſtin- 
guiſhed. Phyſical ſcience proceeds imme- 
diately upon matter of fact; but, philoſo- 
phical experiment proceeds upon theory, 
or thoſe generaliſed phyſical and mathema- 
tical truths which are the produce of our 
ſcience. Therefore, without a juſt progreſs 
in our philoſophy, our phyſical experi- 
ments, made without a general deſign, ne- 
ver can immediately advance philoſophy, 
however they may become uſeful in being 
_ generaliſed by the ſcience to which they 


properly belong. Science conſiſts in pro- 


perly generaliſing truths; but, philoſophy 
muſt proceed in generaliſing thoſe truths 
which are the object of particular ſciences, 
This may be illuſtrated, 

That 


- li. _ ww "oY av. ® 
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That all bodies fall equal ſpaces in equal 
times, is à generaliſation in our ſcience; 
and it is a proper ſtep on which to proceed 
for generaliſing all thoſe events in relation 
to the fall of bodies, in order to ſee the 
general principle of action which is gravi- 
tation. But, gravitation is a general prin- 
ciple for acquiring ſtill more knowledge, or 
it is a principle for acquiring ſtill more ge- 
neral knowledge of the nature of things. 
Now, philoſophy is that general knowledge 
by which the works of nature are under- 
ſtood in ſeeing the wiſdom of deſign; it is 
then that we become wile, in knowing 
cauſes, and in foreſeeing events; and, . this 
is properly philoſophy. By ſuch philoſo- 
phy we may be led to find the wiſdom of 
delign, in thoſe things which are around 
us, and with which we are neceſſarily con- 
cerned, But, by erroneous or falſe philo- 
ſophy, we only feign to ourſelves a ſyſtem 
as we do a dream, and do not ſee the in- 
tention of our Author in the works of na- 
ture, which is the proper object for the 

human 
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human underſtanding. It is only thus that 
man is raiſed above the ſenſitive and pers 
ceptive being which he is firſt, before, he 
diſtinguiſhes and generaliſes, in knowing 
truth and falſchood, good and evil. 


That there is ſomething defective in out 
natural philoſophy will appear from this 
philoſophers, in the firſt great progreſs of 
our ſcience, have explained certain appear- 
ances upon the principle of a general at- 
traction among bodies; but now, in this 
enlightened age, other philoſophers pretend 
to explain the ſame appearances, and more, 
upon the principle of a general repulſion 
Were the phenomena of nature to be ex- 
plained by a ſingle principle of action, it 
might be a very ſerious queſtion, whether 
that of attraction or repulſion were to be 
admitted as the univerſal principle ? But, 
why narrow the field of philoſophical in- 
veſtigation, by limiting nature to a ſingle 


principle? The action of repulſion is an 


idea equally conceivable as that of- attrac- 
tion, 
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tion, although it be not equally generaliſed 
as A property of bodies. But let us conſult 
nature, and we ſhall find; that there is in 
every body a repulſive principle, as evident- 
ly as there is a principle of attraction; there- 
fore, without having the principle of repul- 


ſion generaliſed, as has been happily done 
with regard to that of attraction, our phi- 


loſophy is imperfect, and muſt be ſubje& 
to that abſurdity of attributing the ſame or 
ſimilar effects to different or diſſimilar 
cauſes, In my theory of heat, I have en- 
deavoured to generaliſe the principle of re- 
pulſion; how far ſuch a theory may re- 
ſtore to natural philoſophy that conſiſtency 
which is ſo neceſſary in every part of ſci- 


ence, remains to be decided by the learned 


world. 


Let us now proceed to ſee the effects of 


our inaccurate ſcience and imperfect philo- 


lophy ; and, we are to take for example 
the reaſoning of philoſophers, which has 
been already ſtated, with regard to the ſub- 
ject of heat and cold. 
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I have ſhown, that natural philoſophers 
have ſo far departed from the rules of rea- 
foning in ſcience, as to ſuppoſe that heat 
could have all the properties of light, and 
none of its own ; ſuch a miſunderſtanding 
as this could not happen in mathematics, 
in which men have diftin& ideas of the ob- 
jects about which they reaſon, We muſt 
therefore impute this error to the imperfect 
ſtate of the ſcience of phyſics, in which 
philoſophers reaſon concerning things of 
which they have not formed clear and ac- 
curate ideas, in diſtinguithing as well as 
aſſimilating their knowledge, 


It muſt not be alledged, that, according 
to my oven theory, light and heat are things 
commutable; conſequently, that there can- 
not be any error in attributing to the one 
what may be conſidered as the property of 
the other. If light and heat be only terms 
commutable, and not diſtinct ideas formed 
in our ſcience, we ought to aboliſh the con- 
fuſion of uſing different terms; if the terms 

again 
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again are proper, and belong to actual 
things, we ought to be the more accurate 
in diſtinguiſhing when theſe two things, 
which are commutable, act differently in 
their reſpective capacities; the commutabi- 
lity of thoſe two things, which are diſtin- 
guiſhed, ſo far from implying or juſtifying 
any confuſion of our abſtract ideas, light 
and heat, truly aſcertains their difference. 


Thoſe two ideas, therefore, can no more 


be confounded, in the ſcience of phyſics, 
than a circle and a ſquare might be in that 


of mathematics, if thoſe two ſciences are 


equally purſued, 


It is not the particular error of thoſe phi- 
lolophers who, have thus confounded our 
Icientific ideas, but it is the general error 
of our proceeding in phyſical ſcience, in 
which things are often not diſtinguiſhed 
with ſufficient accuracy, or in which our 
ideas are ſuffered to be too vague, in not 
having been properly analyſed, tor exclu- 
ding every other idca, as is always done in 


mathematics. 
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mathematics. It is this inconſiderate man- 


ner of proceeding in phyſical ſcience, which, 


when employed in natural philoſophy, along 
with mathematical truths, diſcredits that ſei- 
ence, and obſtructs the progreſs of philoſo- 


phy. - 


It may indeed be alledged, that it is im- 


poſſible to have always clear perceptions of 


thoſe ideas in phyſical things, as we have 
not thoſe conceptions in our mind, but 
muſt be ſucceſſively informed from -with- 
out ; whereas, in mathematics, where the 
ideas are all of our own conſcious forma- 
tion, we have it in our power never to con- 
found one idea with another. This argu- 
ment, however, though ſtrictly true, cannot 


| Juſtify the error or tranſgreſſion; for, we 
© have equally clear conceptions of ſenfible 


objeRts, and of phyſical events, as we have 
of mathematical ideas; and, though we 
have to acquire our knowledge of thoſe 
things ſucceſſively, from external informa- 
tion and the judgment of our mind, we 

| ought 


Ve 


ole 
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ought never to employ any of that acquired 
knowledge, in our ſcientific reaſoning, un- 
til it be analyſed and clearly diſtinguiſhed, 
which our vulgar notions are not“. The 


abſtract ideas of light and heat, e. g. have 


no leſs diſtinct properties in our concep- 
tion when truly analyſed, than thoſe which 


belong to the abſtract ideas of a circle 


and a triangle. But, how often are the 
terms /ight and heat employed in ſcientific 
reaſoning without being properly analyſed? 
This may be illuſtrated, —_ 


If, in violation of thoſe univerſal rules of 
ſcience, the term calorique (for example) 
ſhould be employed in phyſics, while as an 
idea it is unknown, and while the proper- 
ties of that thing are not clearly aſcertain- 
ed 


* I have ſhown, that, in mathematical truths, there 
is properly evidence, and that in phyſical truths there 
is reality; ſo that mathematical and phyſical inveſtiga- 
fions are equally juſt or true, although not equally real. 
See an Inveſtigation of the Principles of Knowledge, 
Part II. Sect. VIII. 
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ed in being diſtinguiſhed from every other 
thing, What would be the effect of general- 
iſing that ſcience, or employing it in natu- 
ral philoſophy ? It would only lead us in- 
to error, and thus vitiate the ſcience or 
philoſophy in which it were employed. 
This is not the caſe with the terms of „en- 


ſible and latent heat, ſo far as thoſe terms 


belong to real 1deas, and ſhall be properly 
diſtinguiſhed from each other, as well as 
from every other thing. The employment 
then of thoſe terms in ſcience muſt tend to 
enlighten, as that of the other is to darken, 
underſtanding. 


Let us now conſider the ſtate of our 
knowledge with regard to heat and cold, 
in order to ſee the progreſs we have made, 
and what is to be ſought for in thoſe ſub- 
jects; for, unleſs we ſee the object which 
we are to purſue, or the purpoſe for which 
we are to proceed in thus purſuing know- 
ledge, we are not philoſophers, —we act 


only by the curioſity of the animal man, 


and 
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and not by the wiſdom of his acquired 
knowledge. 


According to the vulgar notions of things, 
cold is conſidered as abſolutely ſubſiſting in 
bodies, in the ſame manner as heat; and 
it is only in more advanced ſcience, that 
heat is conſidered as a poſitive thing, of 
which cold is then the negative. But this 
is philoſophic theory; and, in this progreſs 
of the human underſtanding, every ſtep 
ſhould be perceived, in like manner as in 
the theory of gravitation. Now, I am afraid 
there are many men of ſcience, who pro- 
perly underſtand the theory of gravitation, 
that only believe the theory of heat and 
cold in prejudice or fuperſtition, i. e. with- 
out having ſeen 1ts evidence; I ſhall there- 
fore give my reaſons for being of that opi- 
nion, and leave it to philoſophers to reflect 


upon the conſequence of this manner of 


proceeding in phyſical ſcience, and of the 
pernicious effect of this manner of reaſon- 
g in philoſophy, 
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In the vulgar view of things, or natural 
operation of the human underſtanding, heat 
is a quality that may either be or not be in 
a body; conſequently, this quality heat, 
conſidered as a thing, may be ſeparable from 
a body. But this is no leſs. the caſe with 
cold ; which, in that ſtate of human under- 
ſtanding, has every claim of being a quality 
of bodies, no leſs independent than 1s that 
of their heat, and as ſeparable from them. 
Thus, in the common ſenſe of mankind, 
heat and cold are neceſſarily diſtinguiſhed, 
and alſo the one is known to exiſt poſitive- 
ly, in negation of the other. For, cold, 
which in that caſe is properly known by 
the feeling, is a poſitive ſenſation, as well 
as heat; nor is the effect of cold, in con- 
gealing water, leſs poſitive than is the effect 
of heat, in melting ice. This, however, is 
all that common ſenſe can lead us to con- 
clude ; and, this is all that men of ſcience 
know, when they ſay that cold is nothing 
but the negation of heat, But a natural phi- 
loſopher cannot be ſatisfied in proceeding 
no 
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no farther with regard to heat and cold; he 
ſhould know the principle on which” de- 
pends the hardneſs or concretion of bodies 
which are the effects of cold, and he ſhould 
know the principle of their ſoftneſs or flui- 
dity which are the effects of heat. For, 
without knowing the principle upon which 
the effects of cold proceed, How can ke ſay 
that cold may not be a ſubſtance ſeparable 
from bodies as well as heat? and, without 
ſeeing the principle upon which the effects 
of heat are truly explained, How can he fa 
that heat is a thing any more poſitive than 
cold? It muſt not be here replied, that cold 
is only the abſence of heat, and therefore 
muſt be negative, while heat is a poſitive 
thing: For, if there be nothing poſitive in 
cold as the proper cauſe of a known effect, 
and if in bodies there is nothing actually 
beſides more or leſs of heat, How is it that 
more and leſs of the ſame thing produce 
effects that are oppolite, or contrary in their 
nature? ſuch are hardneſs and foftnefs — 
ſuch are the repulſion of the parts of "an 

R elaſtic 
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elaſtic fluid, and the concretion of a ſolid 
body. 


No ſubjects are more intereſting to phi- 
loſophy than are thoſe of heat and cold, 
which at preſent ſeem to be neglected. No- 
thing has done ſo much honour to ſcience 
as the inveſtigation of that law of nature 
by which bodies at a diſtance are mutually 
affected. But, Are thoſe affections of the 
conſtituent parts of bodies leſs intereſting, 
to the human underſtanding, when they 
approach and make their diſtance appear to 
us to be an evaneſcent quantity? Are the 
laws of revolution of Jupiter's ſatellites 
more important, either to the animal or 
intellectual oeconomy of man, than thoſe 
by which the operations of water are con- 
ducted, when on the one hand it becomes 
a hard body, and when on the other it is 
changed to an aerial ſubſtance? 


The vulgar know the weight of bodies 
upon the ſurface of this earth as well as the 
; philoſopher 


les 
the 
her 
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philoſopher who calculates the effect of Ju- 
piter and Saturn upon the path of a comet, 
but, Is a philoſopher to know no more 
about the evaporation and congelation of 
water, than that the one is the effect of 
heat and the other the effect of cold? The 
natural philofopher ſhould tell why, or ac- 
cording to what general principle of action, 
water is evaporated on the one hand and 
congealed on the other; until this be done, 
we have not the philoſophy of heat and 
cold, however extenfive may be our ſcience 
on thoſe ſubjects. Let us ſtate the caſe, in 
order to ſee the part which a philoſopher 
ſhould take on this occaſion, 


The general gravitating power of bodies 
was only learned, in finding the law of na- 
ture by which that power acted ; whereas, 
with regard to thoſe of heat and cold, phi- 
loſophers ſeem to be contented in knowing 
the particular effects of theſe powers, with- 
out ever inquiring concerning that general 
law of action which may be inveſtigated 
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in thoſe phyſical effects. But, without the 
knowledge of that general principle, which 
mult always act in bodies, and which muſt 
always act according to a certain law in 
giving them either hardneſs or fluidity, 
ductility or elaſticity, Will ever natural 
philoſophy explain the phenomena of this 
earth, as has been done by gravitation with 
regard to thoſe of the heavenly bodies? 
Therefore, in order to underſtand heat and 
cold as general principles, we muſt ſee the 
different principles by which theſe oppoſite 
effects are cauſed. | 


A natural philoſopher, in properly un- 
derſtanding the phyſical principles of things, 
ſurely cannot allow that what he calls cold 
can be ſeparated from a body, any more 
than its powers of gravitating and concret- 
ing: But, this is only to be underſtood in 
knowing the conſtitution of bodies, in which 
cold is an element as poſitive as heat; for, 
cold in bodies 1s the negative of heat, as 
much as hcat 1s the negative of cold, Nor 
can a philoſopher ſuppoſe that heat is ever 


ſeparated 


AU —— 
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ſeparated from a body as heat; he might 
juſt as well ſuppoſe that an elaſtic fluid 
were ſeparated from a body of air, when 
this is compreſſed into a ſmaller volume, 


I have endeavoured to explain many of 
thoſe appearances in the diſſertations before 
mentioned ; it has there been ſhewn, that 
the matter of heat differs eſſentially from 
the gravitating matter of a body, as acting 
upon another principle ; and that, accord- 
ing to this conſtitution of things, heat muſt 
be ſeparable from a body, or variouſly diſ- 
perſed and apportioned in bodies, while gra- 
vitating matter is, on the contrary, inſepa- 
rable in its nature, or cannot be tranſlated 
in the manner of light and heat. 


No doubt this is conſidering matter in a 
very different view from that in which it 
is commonly ſuppoſed; but now, the queſ- 
tion is not with regard to what philoſo- 
phers /uppcſe to be the nature of things; 
gur object is to ſee in what manner philo- 
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ſophers may attain to the 4noTwledge of na- 


In viewing the great ſyſtem of nature, 
we conceive many bodies as inſulated in 
the heavens, and conſtantly receiving in 
light the influence of the ſun ; now, when 
that light, inſtead of being reflected by a 
refulgent body or tranſmitted by one that 


is tranſparent, ſhall be extinguiſhed by a 


black body, which is thus heated, Can we 
ſuppoſe that it were either in quality of 
heat that the influence of the ſun had been 
tranſlated from the luminary to the body 
that is to be illuminated, or that it were in 
quality of light that the ſolar ſubſtance now 
actually ſubſiſts in the heated body? But, 
Are the bodies upon the ſurface of this earth, 
although not inſulated in the manner of 
the heavenly bodies, to be conſidered in 
any other manner, with regard to light and 
heat, than are thoſe heavenly bodies which 
are illuminated and heated by the influence 


According 


TY 
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According to the theory which J have 
given, heat is conſidered as the effect of 
the ſolar ſubſtance acting in a body; but, 
cold has there been repreſented as a quality of 
bodies depending on their gravitating mat- 
ter immediately, and only more remotely 
| upon the abſtraction of that which is the 


cauſe of heat, conſequently that cold is a 
t thing that can no more be ſeparated from 
K or tranſlated among bodies than may be 
e their weight, But now we have an ex- 
f periment in which there would ſeem to be 
n cold radiated from a body, and reflected by 
y a ſpeculum in the manner of light ; were 


this concluſion to be admitted as a truth, 
it would certainly be a confutation of my 
theory of heat and cold. —The confuta- 
tion of an erroneous theory is always a 


ſtep in ſcience, and naturally leads to the 
in diſcovery of truth. This, therefore, is a 


nd W ſubject to which I would wiſh to turn the 
ich attention of philoſophers, - 
NCC 


At preſent I have only to obſerve that 
| 2 
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the alledged experiment does not properly 
confute my theory, if it ſhall be admitted 
that this theory is nothing but the gene- 
raliſation of phyſical truths hitherto uncon- 
traverted. 


The experiment of irradiated and re- 
flected cold, indeed, refutes thoſe princi- 
ples, with regard to which at preſent per- 
haps all natural philoſophers are agreed, 
and upon which a great part of our natu- 
ral philoſophy now ſurely depends. This 
therefore makes it ſo important to have 
that experiment well examined, and pro- 
perly explained. But it is no leſs impor- 
tant, to have M. de Sauſſure's experiment, 
of reflected heat, properly examined. 1 
have endeavoured to ſhew that the reaſon- 
ing of thoſe philoſophers with regard to 
that experiment is erroneous. But I may 


be conſidered as not being an impartial 
judge on this occaſton ; and that I may be 
prejudiced by my particular theory of heat 
and cold, which that experiment, accord- 


ing 


tl 


Part IV, Heat, aud Fire. 137 


ing to the explanation of thoſe philoſo- 
phers, would certainly refute. I would 
therefore recommend it to thoſe men of 
ſcience who have the opportunity, that they 
would make proper experiments, in order 
to reſolve thoſe queſtions ſo important to 
natural philoſophy. 


Theſe men of ſcience, theſe eminent na- 
tural philoſophers, have ideas with regard 
to heat which are altogether inconſiſtent 
with my theory; we cannot both be right; 
and, it is a reproach to ſcience to have dif- 
ferent opinions upon the ſame ſubject. It 
is therefore the intereſt of natural philoſo- 
phy to have theſe ſcientific opinions care- 
fully examined, by being analyſed to their 
principles, in order to ſee that evidence on 
which every theory mult proceed, and by 
which it muſt be then believed. 


It is ſurely ſome neglect of this kind 
which could induce philoſophers to ſuppoſe 
that heat may be a thing moving like light, 
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and may be reflected by a mirror, and con- 
centrated in a focus. If philoſophers ſhall 
allow themſelves to entertain ſuch ideas in 
their ſcience without knowing why, or 
without having traced thoſe ideas to an 
evidence which cannot be diftruſted, they 
may as well allow themſelves to ſuppoſe 
that cold may be irradiated like light, and 
be reflected and concentrated as well as 
heat, But this would be the fiction of a 
mind dreaming in ſcience, and not that ac- 
curate operation of the human underſtand- 
ing which proceeds on knowledge, and 
thus perceives things as they are truly in 
the defign of nature. No body ſuppoſes 
weight to be ſeparable from a ſtone, or 


from the moon in which that general prin- 


ciple of action was inveſtigated; but, Is 
the expanſion of bodies a principle equally 
underſtood as is that of their weight? and, 
Can a philoſopher, who has proceeded no 
farther, ſay, why the principle of fluidity 
and expanſion either may or may not be 
ſeparable from a body ? 


As 


C 


or 
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As heat and fluidity, cold and concre- 
tion, light and gravitation, are the chief 
principles of phyſical bodies, or the prime 
agents in the material ſyſtem, I have treat- 
ed of thoſe principles at ſome length, in 
the diſſertations now mentioned. — Whe— 
ther I have reaſoned right or not, I have 
there endeavoured to take general views of 
a ſubject moſt intereſting to philoſophy ; 
and I have there endeavoured to trace theſe 
ideas to their natural evidence. I now wiſh 
philoſophers would attend to the neceſſary 
diſtinction of thoſe things; and not con- 
found heat with light, light with cold, and 
cold with ſomething ſeemingly inconceive- 
able; for, by reaſoning in that inconſide- 
rate manner, without clearly diſtinguiſhing 
things which are in their nature different, 


ſcience will never be promoted; and, with- 


our generaliſing phyſical truths, fo as to 


form theory in a ſcientific arrangement, 


What ſignifies the multiplication of expe- 
riments which have no proper order or de- 
lign ? 


Accident 
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Accident no doubt often is the means of 
making valuable diſcoveries, ſuch as is this 
very experiment. of cold which we have 
been now conſidering ; but, it is only to 
the philoſopher that accident can ſuggeſt a 
fcientific truth; to the animal, to the ſa- 
vage, or even to the vulgar in a learned 
nation, natural events draw to no conclu- 
fon beyond the ſatisfaction of their animal 
defires ; and, the moment that an animal 
perceives in natural events a general, that 
moment natural philoſophy is in his mind 
begun; therefore, it is only by generaliſa- 
tion that philoſophy proceeds. —This how- 
ever is a propoſition which is only properly 
to be underſtood in the ſcience of meta- 
phyſics ; and of this I have treated large- 
ly, in an inveſtigation of the principles of 


knowledge, to which I now beg leave to 


refer. 


Having thus confidered the general ob- 
ject in our theories of heat and cold, let us 
now take a more particular view of thoſe 

qualities 


les 


Part V. Heat, and Fire. 141 


qualities of bodies, by which ſcience is to 
proceed in generaliſing events for the pur- 
poſe of philoſophy. 


Bodies are conſidered as made up of 
many qualities; but, ſcience muſt genera- 
liſe that ſubject, in making us underſtand 
the different kinds of qualities. Thus there 
are, firſt, ſenſible qualities, in which there 
is an external cauſe acting and informing 
our ſentient mind, which is then paſſive in 
being made to know, feel, or ſuffer. Se- 
condly, there are perceptible qualities, which 
do not reſpect the paſſion of our mind, but 
repreſent a ſtate in which we conceive ex- 
ternal bodies to ſubſiſt; this then is magni- 
tude and figure. Laſtly, there are active 
qualities, which we judge from knowing 
the different ſtates of bodies; and theſe we 
conſider as powers in bodies by which their 
ſtates, whether of motion or reſt, may be 
changed. Now, in generalifing thoſe ac- 
ting powers, we muſt ſtudy the order of the 
en ante, and attend to the circumſtances or 

conditions 
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conditions of the action. We thus form a 
general principle for explaining natural ap- 
pearances, by aſſimilating thoſe actions 


which are properly diſtinguiſhed. 


In thus conſidering natural bodies as 
compoſed of principles which have power 
and energy, we may now obſerve, that there 
are fixed and incommutable powers or prin- 
ciples in bodies, as well as thoſe which are 
more or leſs changing and cortimutable, 
According to my phyſical notions, the fix- 
ed and incommutable principles of bodies 
are, firſt, that of gravitation or coheſion ; 
and, ſecondly, that of concretion, which is 
diſtinctly different from gravitation or co- 
heſion. The moveable and commutable 
principles, again, are the two different ſpe- 
cies of heat, i. e. the heat of fluidity and 
that of expanſion, principles of action which 
are naturally oppoſed to the fixed principles, 
the one to concretion, and the other to gra- 
vitation. But thoſe commutable principles 


af bodies are alſo mutable in relation to the 


general 
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„ 


general ſyſtem of bodies, in the regulated 


motions of which we perceive deſign and 
wiſdom. It is in this manner that light is 
conſidered as the tranſlation of matter from 
one body to another, when theſe are perfect- 
ly inſulated; and, in electricity we perceive 
a moving cauſe for matter of the ſame kind 
as that which moves in light; but the laws 
of this laſt ſpecies of action are not perhaps 
ſo well known as thoſe of the other, and 
are extremely different. 


But here we have another object for our 
conſideration ; this is the emanation c 
light, from certain bodies, in the act 
burning. Now the object of ſcience is © 


inveſtigate the principle upon which this 


appearance actually proceeds; and, this is 
a ſubject intimately connected with that 


which, in the theory of light and heat, we 


have been endeavouring to inveſtigate, 


No ſubje& more intereſting to the natu- 


ral philoſophy than is that of fire; and; no 


ſubject 
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ſubje& in which philoſophers have more 
miſtaken their principles, than in the expla- 
nation which they have attempted to give 
of this important operation. It is from fire 
that light is made to proceed, though vari- 
ouſly in relation to its ſeveral ſpecies ; and, 
it is particularly from burning coals that the 
ſpecies of light moſt powerful in exciting 
heat is made to appear. This particular 
ſpecies of fire, therefore, is now to be the 
ſubject of examination; and, in this, my 
chief object will be to ſhow, how dange- 
rous it is in ſcience to proceed upon an er- 
roneous analyſis, and how unphiloſophical 
to generaliſe a matter of ſact, or phyſical 
principle, without being accurately diſtin- 
guiſhed, 


While the ſcience of chymiſtry has been 
making great progreſs in the analyſis of bo- 
dies, and thus procuring principles for na- 
tural philoſophy, there has been made one 
inadvertent ſtep, which, in my opinion, 
muſt prevent the benefit which natural phi- 

| loſophy 
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loſophy might otherwiſe derive from thoſe 
eminent diſcoveries, 


Amids the brilliant ſucceſs of thoſe 
chymical experiments, philoſophers have 
been led to generaliſe the principal heat in 
the burning of bodies, without analyſing 
properly that operation, and in miſapplying 
the actual knowledge which we have of 
heat, I am now to give a ſhort view of 
this miſunderſtanding in a ſubject ſo natu- 
rally connected with that of thoſe experi- 
ments which we have been analyſing; and 
I ſhall endeavour to explain the various 
phenomena of fire, conſiſtently with our 


theory of light and heat, 
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PARTI Ys. 


Light inveſtigated as the Principle of Fire 
in Burning Bodies. 


SECTION . 


Combuſlible Bodies examined with regard tt 


: : 
the Nature of Burning. 


Ix my chymical diſſertation upon the 
ſubject of phlogiſton, I have examined the 
new theory of burning, or the principle of 
fire in burning bodies, according to the 
doctrine of calorique. The philoſophers, 
who made the great diſcovery of oxigenat- 
ing many ſubſtances by means of vital air, 
thought thus to explain all appearances in 
thoſe burning and oxigenating bodies, with- 
out any other principle of fire beſides that 


which 
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which correſponds to what Dr Black had 
termed /atent heat, or what properly, in 
this caſe, is the heat required in order to 
preſerve the fluid elaſticity of the vital air, 
This is what the French philoſophers have 
named calorique, ſo far as there is any rea- 
ſonable meaning in that term. 


In order to ſhow that this was an erro- 
neous explanation of burning, and that 
there is truly in the conſtitution of certain 
bodies a ſubſtance that may be properly 
conſidered as phlogiſton, I firſt examined 
thole phlogiſtic bodies in their decompoſ- 
ing ſtate, when the principle of fire ap- 
pears, Here it has been made evident, 
from facts which I believe will not be con- 
troverted, that thoſe appearances of fire 
cannot be explained by any theory of heat, 
ſo far as yet known. 


But this phlogiſtic ſubſtance, when de- 


compoſing in burning, may be conſidered 


as diſperſed in light and heat, and thus loft 
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to the bodies of this earth; therefore, it ap- 
peared neceſſary to look out for the means 
by which the continual waſte, of that ſub- 
ſtance ſo uſeful in the occononry of the 
world, might be repaired. It was vegeta- 


tion, then, that I conlidered as the proceſs 


in which nature has placed the compoſition 
of phlogiſton ; and, it is by the influence 
of light that I conſidered the combina- 
tion formed, of that ſolar ſubſtance with 
the other chymical elements of bodies. I 
have there given many arguments, for be- 
lieving that this combining proceſs actually 
takes place on that occaſion ; and that it is 
part of the phyſical ſyſtem, by which this 


earth is preſerved as a living world. 


Thus I formed a probable theory, for 
the purpoſe of directing future experiments, 
as well as to be compared with thoſe facts 
or phyſical principles which are already 
known. I allo endeavoured to confirm 
that theory of phlogiſton, in ſubſequent 
diſſertations upon the powers of matter and 

- appearances 
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appearances of bodies; where I attempted 
to explain, upon the principle of phlogiſton 
or the ſolar ſubſtance, ſome of the eminent 
qualities of bodies, 


In theſe diſſertations, when treating of 
luminous and burning bodies, I ventured 
to give a theory, which I am now more 
fully to lay open. I then aſſumed a prin- 
ciple, in the theory of fire; at preſent, I 
am to prove that principle, and to illuſtrate 
the theory, in applying it for the explana- 
tion of phenomena in burning bodies. This 
is the ſtate of the ſubject, previous to the 
preſent diſſertation. 


Here I have been employing a new prin- 
ciple, for explaining certain anomalous ap- 
pearances with regard to heat; and this 


principle, which is that of inviſible light, 
has been inveſtigated from the examina- 
tion of that light which is made to appear 
in the burning of bodies. I am therefore 
again to examine thoſe phlogiſtic bodies 


burning 
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burning and emitting light, in order to in- 
veſtigate, if poſſible, the true principle of 
fire, which has been hitherto ſo much miſ- 
underſtood among philolophers. 


We have now found, that there is an 
inviſible ſpecies of light continually moy- 
ing from bodies, as well as that ſpecies by 
which we are made to ſee. There are alſo 
two ſpecies of heat; for, beſides the move- 
able or diffuſible heat in bodies, by which 
we are made to feel, there is another ſpe- 
cies, by which the powers of hardneſs or 
concretion in bodies 1s overcome. Now, 
all thoſe different modifications, of the ſame 
ſolar ſubſtance, are commutable or mutu- 
ally convertible. But, there are other mo- 
difications of this ſolar ſubſtance in bodies; 
and there are, in the conſtitution of thole 
material things, other purpoſes which that 
ſolar ſubſtance has to ſerve. Here, no 
doubt, is a ſubject molt intereſting to na- 
tural philoſophy, —a ſubject which, I think, 
the preſent ſtate of our ſcience may enable 


us to illuſtrate, 
Beſides 


n 
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Beſides the commutable modifications of 
the ſolar ſubſtance, termed light and heat, 
we have now to treat of another, which 
may be conſidered as the modification of 
fixed light in bodies, or that ſubſtance 
which appears in fire, and upon which de- 
pends the burning of bodies. 


Former chymiſts were ſenſible of the ne- 
ceſſity for a principle of this kind, which 
they termed phlogiſton, in order to explain 
the appearances of burning bodies. Our 
preſent chymical philoſophers, who have 
made great progreſs in the ſcience, diſco- 
vered much fallity in the theories of thoſe 
former chymiſts, and corrected thoſe errors, 
have endeavoured to explain all the appear- 
ances of burning by a theory of heat which 
Dr Black had diſcovered, and which he 
named latent heat. At leaſt, if that theory 
of heat, which thele chymiſts have termed 
calorigue, be not latent heat, it is not any 
other thing in nature, ſo far as I know; 
and this new principle is not deſcribed ſo 
as to be any otherwiſe underſtood, 


1 
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I ſhall now endeavour to ſhow the in- 
eonſequential,reaſoning of that theory, in 
which calorique is ſuppoſed to explain the 
phenomena of burning, and in which fire 
is ſuppoſed to proceed without the aid of 
any phlogiſtic matter, 


In that chymical diſſertation which J 
had the honour to read in this Society, I 
took, for an example in the burning of bo- 
dies, a very accurate experiment, which 


had been firſt made by Mr Cavendiſh, but 
which was carried to great perfection in 
France,—an experiment which actually 
gave occaſion to the formation of that 
theory of calorique which it was then my 
object to refute. At preſent, I am to take 
a different example in the ſame ſubject, 
the burning of bodies ; and, from this new 
example, I ſhall confirm my former rea- 
ſoning, in obtaining a ſimilar concluſion, 
founded upon a matter of fact which was 
not then ſo fully employed. In thus re- 
futing the doctrine of calorique upon a 

new 
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new ground, we ſhall have an illuſtration 
of that principle, in the commutation of 
light and heat, which has been ſo much 
the object of the preſent diſſertation; and 
we ſhall thus obtain a new fact, or acquire 
a new principle for the explanation of fire. 


Upon that former occaſion, it was the 
inflammation of bodies which afforded ſo 
notable an example for the purpoſe of our 
ſeience; at preſent, I am firſt to take the 
combuſtion of bodies as an example, in or- 
der to explain the appearances of fire; and, 
therefore, a coal muſt be the ſubject of our 
experiment and reaſoning, 


In that chymical proceſs, in which the 
combuſtible ſubſtance of coal is decompoſed 
by the oxigenating principle of vital air, 
there are produced two diſtinct effects; 
firſt, by the oxigenating of the gravitating 
carbonic ſubſtance, there is produced fixed 
air, or carbonic acid in an elaſtic ſtate. Se- 


condly, in thus changing the nature of the 
U coal, 
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coal, there is produced a great quantity of 
light and heat ; it is only this laſt event, or 
effect, with regard to which there is any 
difficulty, or any diſpute to be made; and, 
with regard to this, there arejuſttwodifferent 
opinions. On the one hand, the phlogiſtic 
theory maintains, that in this chymical pro- 
ceſs, of oxigenating the fixed carbonic ſub- 
ſtance by the vital air, the phlogiſtic matter 
of the combuſtible body is liberated from 
its former combination ; and, that it is this 
extricated ſubſtance which, in thus eſcaping 
from the body, exhibits the phenomena of 
light and heat. 


On the other hand, the antiphlogiſtic 
theory ſuppoſes, That this heat is acquired 
by a certain degree of condenſation of the 
vital air in oxigenating the carbonic ſub— 
ſtance ; or, in other words, That the latent 
heat of this elaſtic fluid, which is ſuppoſed 
to be ſo condenſed, is then transferred to 
the burning coal, which is thus heated; 
and that the light, which appears in burn- 


ing, 
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ing, is then emitted in conſequence of the 
heat acquired from the calorique of the de- 
compoſed or condenſed air. ; 


This being the antiphlogiſtic theory, 
then, if it can be ſhown, that the decom- 
poling proceſs does not heat the coal, but 
that, on the contrary, the coal, notwith- 
ſtanding the moſt favourable circumſtances 
for its burning or being decompoſed by 
oxigenation, actually ceaſes to burn for 
want of heat, it will be proved, that the 
heat, which appears in fire, is not the im- 
mediate effect of the burning; and that, a 
fortiort, it is not the calorique, or elaſtic heat 
of the vital air, which heats the coal, and 
appears in fire. This then is the propoſi- 


tion which is now to be proved. 


Let a conſolidated piece of charcoal *, 


(ſuch 


* 'There is, in many parts of Britain, a mineral coal 
naturally charred and extremely conſolidated. It is this 
ſpecies of coal that I recommend for making a moſt ac- 


curate 
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(ſuch as is to be got in great perfection 
from the mineral kingdom) be heated to 
the greateſt extremity of incandeſcence; 
and then let it be expoſed, inſulated, to 
the atmoſpheric air. Here is a coal in the 
moſt perfect ſtate of burning, or with the 
moſt favourable conditions for oxigenating 
with the atmoſpheric air. Were this body 
then to conſume by itſelf, as it does when 
affociated with other burning coals, there 
might be ſome pretext for alledging that the 
proper heat of burning was preſerved by 
the extrication of calorique, or the latent heat 
of the vital air. But if, notwithſtanding 


the proper conditions for the burning of 
the coal, and the extrication of that calori- 
que, the heat of the coal ſhall decreaſe and 

the 


curate experiment; and, it is this coal which appeats 
to me to cool as quickly, in atmoſpheric air, when in a 
ſtate of incandeſcence, as if expoſed only to the azotic 
part of that fluid. Now this could not poffibly happen, 
if heat were generated by burning. But, even with a 
much more imperfect body of this kind, a ſufficiently 
ſatisfactory experiment may be made, which gives us 
the opportunity of proving the propoſition a forticr:. 
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the burning ceaſe, we muſt neceſſarily con- 
clude, that it is not the calorique, or latent 
heat of vital air alone, by which the 
burning coal receives its heat, but that 
there is another cauſe for this appearance, 
which cauſe it is the proper object of ſci- 
ence to inveſtigate. But the coal, in the 
ſituation here deſcribed, certainly extin- 
guiſhes ; conſequently, the propoſition is 
proved, if we have reaſoned right, 


To ſee the force or concluſive nature of 
this argument, it muſt be obſerved ; firſt, 
that I have not ſuppoſed no heat to be ac- 
quired by the condenſation of the vital air, 
ſo far as that takes place in this operation, 
which is extremely doubtful ; I only ſup- 
poſe, that there is not ſufficient heat to be 
derived from that ſource *. Secondly, I 


have 

* It muſt be allowed, that, ſo far as vital air ſhall 

be condenſed in oxigenating the ſubſtance of a burning 
body, ſenſible heat may be procured upon that occaſion. 
In the preſent caſe, however, all that can poſſibly be ac- 
quired in this way is a {mall thing, compared with the 
quantity 
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have not ſuppoſed that an incandeſcent coal, 
although not continuing to burn with at— 
moſpheric air, might not burn and be con- 
ſumed with pure vital air; for, as vital air 
is a neceſſary condition for the burning of 
this coal, as well as is a certain degree of 
heat, that body may perhaps burn in a leſs 
favourable ſtate of the one condition, when 
that of the other is more favourable. This 
however 1s a ſpeculative point with which 
we are not immediately concerned. 


The only queſtion at preſent to be de- 
cided is this, Does the heat of the coal, 
burning in atmoſpheric air, ariſe from the 
operation of the vital air upon the ſurface 
of the body, or does 1t require another 
cauſe ? Now, if the burning be the imme- 


diate 


quantity of heat which is conſtantly abſtracted by the 
atmoſphere in contact with the burning body, and does 
not deſerve to be mentioned here, unleſs it were to ac- 
knowledge the doctrine of heat and condenſation, al- 
though this is not a caſe in which it ſhould appear ; for, 


here the oxigenated ſubſtance has become an elaſtic 
fluid. | 
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diate cauſe of heat, as the application of at- 
moſpheric air is the proper cauſe of burn- 
ing, How ſhould the application of air cool 
the body in which it is the cauſe of heat? 


If a fingle coal, burning to the beſt ad- 
vantage, cannot generate heat upon the 
whole, z. c. cannot gain more heat from the 
air than what it neceſſarily loſes in that 
oxigenating operation, How is the union of 
thoſe bodies to increaſe their heat? This 
muſt be either by increaſing their gain, or 
by diminiſhing their loſs, But, it cannot in- 
creaſe their gain ; for, by the preſent ſup- 
poſition, heat is only acquired by the free 
communication with the atmoſphere, which 
the uniting of the coals prevents; there- 
fore, it can only be by diminiſhing their 
loſs of heat, which is neceſſarily carried 
away by the circulation of the air. But 
now, How are we to ſorm this compound 
eltimate!—on the one hand, by uniting the 
burning coals, we diminiſh their loſs of 
heat ; but we alſo, in the ſame proportion, 
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it is to be preſumed, diminiſh their gain, or 
the generation of their heat. On the othe 
hand, by ſeparating the coals, we increaſe 
the cauſe by which their heat is loſt ; but, 
at the ſame time, we increaſe the cauſe by 
which their heat is generated. 'That it is 
not by diminiſhing the circulation of the 
atmoſphere that their heat is preſerved, will 
appear from this, the heat of the fire is in- 
creaſed, the more we force cold air to flow 
among theſe coals ; and this alone ſhould 
decide the queſtion, But, this being the 
cardinal point to be proved, we muſt con- 
ſider it in every view, ſo as to leave no 
room for miſunderſtanding or diſtruſt. 


It may perhaps be ſuppoſed, that the azotic 
part of the atmoſpheric air ſhall coolthe burn- 


ing body more than the vital part heats it. 


Butthis ſuppoſition, however it may bedeem- 
ed poſlible, is inapplicable in the preſent 
caſe, and could ſerve no purpoſe, unleſs it 


were to ſupport the theory of calorique. 
To 


22 
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To ſee this, we have but to examine the 
matter of fact in the following manner. 
Were the compound atmoſpheric air in any 
reſpect inſufficient to maintain the burning 
heat in this inſulated coal, according to the 
ſuppoſition, How is it that the ſame fluid is 
found ſufficient to ſupply the means ſo amply 
for the burning of our fires? that is to 
ſay, if the atmoſpheric air, by oxigenating 
a fire of coals, ſupplies abundant heat to the 
ſurfaces of thoſe burning bodies alongſt 
which it is made to flow, Why ſhould it 
not in like manner ſupply heat to the ſur- 
face of the inſulated burning coal, expoſed 
in the beſt poſſible manner to that heating 
operation? 


It muſt not be ſaid, that the coal in the 
fire is leſs cooled by the atmoſphere, than 
is the ſingle coal ; for, we are to conſider, 
that the azotic and carbonic air is no leſs 
neated by the fire than by the inſulated coal, 
it burning with an equal intenſity ; there is 
equally, in both caſes, a conſtant application 


X of 
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of cold air to be heated, in contact with 
the ſurface of the fire, and a conſtant ab- 
ſtraction of that air thus heated; therefore, 
the heating and the cooling cauſes being in 
both caſes equal, the fire ſhould equally 


continue to burn in both. 


In every view of the ſubject, therefore, 
there is reaſon to conclude, that coals, in 
the burning ſtate, whether inſulated or aſ- 
ſociated, are not preſerved in their ſtate of 
incandeſcence, or burning heat, by the ex- 
trication of the latent heat of vital air, or 
that which is the principle of its elaſtic 
fluidity, But, this compariſon, of the in- 
fulated and aſſociated caſes of burning, be- 
ing an intricate ſubject, in which many 
things are to be conſidered, the ſmalleſt in- 
attention or overſight in reaſoning may 
greatly miſlead the judgment on the whole; 
therefore, this caſe may be illuſtrated, by 
examining the ſubject more particularly. 


When burning coals are ſo placed in re— 
lation 
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lation to each other, as to leave ſufficient 
ſpace for the free aſcent of the heated at- 
moſphere, and for the ſupply of the oxi- 
genating principle by the circulation of the 
air, the fire continues to burn, and the coals 
to be conſumed. But, when theſe coals 
thus burn together, it is not by loſing leſs 
of their burning heat, by the circulation of 
the air among them, than if they were ex- 
poſed inſulated to the atmoſphere, in which 
laſt caſe they ſoon extinguiſh. This then 


is the fact or phyſical truth that we now 
want to aſcertain. 


In order to fee this, let us ſuppoſe the 
coal, which, when ſolitary, would be ex- 
tinguiſhed, ſuſpended in the atmoſphere, 
and to be ſurrounded with other burning 
coals likewiſe fuſpended, fo as to form a 
circle round the ſingle coal, and at a proper 
diſtance, for the free aſcent or circulation 
of the atmoiphere. In this caſe, the central 


coal will continue to burn, as long as the 


lurrounding coals arc incandeſcent, or emit 


{ufhcicnt 
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ſufficient light, Now, the queſtion is, 
What this coal receives from the burning 
bodies around. It is to be prefumed, that 
it can only receive either light or heat; 
but, we are not now examining light; it is 
only heat with which we are at preſent 
concerned. 


That it is not heat which the central coal 
is now receiving, will appear by conſider- 
ing, that the ſurfaces of all thoſe coals are 
equally burning, and equally giving heat 
to the cold atmoſphere, which is conſtantly 
flowing upwards along them. Therefore, 
1 ſay, that thoſe ſurfaces loſe no leſs of their 
heat, by this circulation of the air between 
them, than if they were burning at the 
greateſt diſtance from each other; for, it is 
only by the circulation or aſcent of the at- 
moſpheric air along their ſurfaces that they 
burn, or, according to the theory of caio- 
rique, that they are heated; and, it is by 
that circulation of air only that they are 
cooled. Therefore, if they are cooled by 


a 
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a free circulation of air, they are neceſſarily 


heated in proportion ; and the coal, which 


is burning inſulated in the atmoſphere, can- 


not be leſs heated or more cooled, than 


burning coals among which a ſtrong ſtream 
of cold atmoſpheric air is made to paſs, 
which is the operation of the bellows ; yet, 
in the one caſe, the ſingle coal is cooled, 
and, in the other, the fire is made to burn 
more fiercely. 


It muſt not be alledged that the heat, 
which is abſtracted from the one burning 
coal, is made to heat the ſurface of the 
burning coal which is oppoſite ; the ab- 
ſtracted heat of each coal, in the ſituation 
of things which we have propoſed, or the 
atmoſpheric fluid which is heated by the 
contact of the burning ſurface, flows up- 
wards, in communicating its heat to the 
ſuperior part of the coal; it cannot heat 
the oppoſite coal; for, that would be to 
move in two different directions at the ſame 
time. Nor are we to admit of ſuch a thing 

as 
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as radiating heat; that is a ſubject which 
we have already diſcuſſed in a former part 
of this diſſertation. 


Therefore, it muſt not be ſaid that the 
burning coal is receiving any heat from the 
ſurrounding coals, or that it is loling leſs 
of its own heat, by the circulating atmo- 
{phere, than if it were burning at the ſame 
rate ſingle; for, this would be to maintain, 
that coals generated more heat in burning 
together, than in burning ſingle. But, the 
theory of fire, which we are now refuting, 
maintains, on the contrary, that the burn- 
ing body acquires heat only in proportion 
to the atmoſpheric air which it conſumes ; 
and, I have now ſhown, that burning coals, 
whether ſingle or united, equally loſe heat 
by the circulation of that atmoſphere which 
makes them burn. 


It follows, that a ſingle coal burning in- 
ſulated in the atmoſphere is loſing no more 
of its heat, by communicating with the ſur- 

rounding 
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rounding fluid, than when it burns ſur- 
rounded by other burning coals. In the 
one caſe, indeed, the coal continues to 
burn; and, in the other, it is certainly ex- 
tinguiſhed, But this is not becauſe more 
heat is abſtracted from it in the one caſe 
than in the other, but becauſe it acquires 
more heat when burning in the aſſociated 
ſtate. This is directly contrary to the an- 
tiphlogiſtic theory of fire; and, it ariſes 
from a cauſe which cannot be confounded 
with calorique, and which ſhall be diſtin- 
guiſhed as different from any ſpecies of 
heat. 


I am ſorry to be ſo prolix ; but I find it 
neceſſary, in order to overcome prejudices, 
to endeavour to conſider the ſubject in eve- 
ry point of view, and under every different 
expreſſion. Even men of ſcience will often 
conſider things with vulgar notions, which 
muſt miflead philoſophy ; it requires the 
molt accurate analyſis of natural operations 
in order to diſcover cauſes; and, here is a 


natural 
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natural operation which, for want of that 
analyſis, has been greatly miſunderſtood, - 


We are not now inquiring how a fire of 
coals maintains its burning heat ; that que- 
ſtion, ſo important in philoſophy, ſhall be 
reſolved, after we have diſcuſſed this car- 
dinal point, viz. If a coal, in the moſt per- 
fect ſtate of burning, ſhould be cooled by 
the application of atmoſpheric air. Now, 


according to the antiphlogiſtic theory, or 


that of calorique, this is impoſlible ; for, the 
coal is ſuppoſed to be in the greateſt ſtate 
of incandeſcence ; conſequently, being free- 
ly expoſed to the atmoſpheric air, it muſt 
generate the greateſt quantity of calorique, 
or acquire calorique at the greateſt rate, and 
thus be heated in every point of its ſurface 
which 1s all burning. But, to ſuppoſe it 
alſo to be cooling in any degree, while it is 
heated in the greateſt, is a contradictory 
propoſition, or a fact plainly inconſiſtent 
with that theory. Now, the matter of fact, 
or ſubject of experience, is this, that a coal, 

in 


772 „ 
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in the ſuppoſed ſituation, is actually cooled 
by the atmoſpheric air, which makes it burn; 
on the contrary, a fire of coals, which burns 
by the ſame atmoſpheric air, inſtead of lo- 
ling its burning heat, is made to increaſe 
the intenſity of its burning, the more that 


the cold atmoſphere is made to paſs through 
among its coals, 


If it were not for the difficulty of re- 
moving rooted prejudices and received no- 
tions, this argument, which has now been 
drawn to ſuch a length, might have been 
compriſed in a few words. For, if a body, 
in burning, is heated by the atmoſphere, 
and if it is burning all over its ſurface, 
How is it conceivable, that it ſhould be at 
the ſame time cooled by that atmoſphere 
which is heating it? In this caſe, to ſay, 
that, though the air or ca/orique heats the 
burning body, it does not heat it ſufficient- 
ly to preſerve its burning, is plainly to ac- 
knowledge, that it is not the calorique that 
gives heat to fire; for, if the caloriqgue be 
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not ſufficient to entertain the fire of a body 
once heated to the greateſt degree, What is 
the cauſe of that immenſe quantity of heat 
which is generated, when, from the ſmall- 
eſt ſpark, the greateſt conflagration is pro- 
duced ? 1 


I ſhall now ſtate the propoſition, which 
has been fo fully illuſtrated, and which is 
to be a principle in our further reaſoning. 


If a fire of coals is heated by means of 
atmoſpheric air, which makes it burn, then, 
a ſingle coal, in a proper ſtate of incandeſ- 
cence, ſhould not be cooled by that atmo- 
iphere, but ſhould continue to burn and be 
conſumed ; therefore, the extinguiſhing of 
this coal proves the propolition, or aſcer- 
tains this truth, That the atmoſpheric air, 
which is the means of burning, is not the 
immediate or proper cauſe of that heat 
which appears in fire ; and, that it requires 
another cauſe, in order to maintain the ne- 
ceſſary burning heat in a fire of coals. 

Now, 
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Nov, in order to underſtand this intricate 
operation which takes place in a fire, and 
in which there is produced ſo much light 
and heat, let us analyſe the ſubject, by diſ- 
tinguiſhing the light which is the immedi- 
ate effect of heat without burning, and that 
light which does not proceed immediately 
from heat, but which is proper to the burn- 
ing. We ſhall thus diſtinguiſh heat as the 
cauſe of burning, and heat as the conſe- 
quence or occaſional effect of burning, but 
not as the abſolute or immediate effect. 
For, as I have now ſhown, that the burn- 
ing of a coal does not produce or entertain 
the heat by which it was made to burn, 
this heat, which is certainly entertained in 
a fire of coals, muſt require ſome other 
cauſe ; and, this is now to be the ſubje& 
of inveſtigation, 


A coal, expoſed to the atmoſphere with- 
out the incandeſcent heat, is not oxigenated 
by the vital air, nor conſumed, as it is in 
burning; neither is this coal changed or 

conſumed 
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conſumed by the greateſt heat of ineandeſ- 
cence, unleſs expoſed to the atmoſpheric 
air, or the oxigenating principle which it 
contains, But, in the burning of a fire of 
coals, there is neceſſarily a conſtant abſtrac- 
tion 'of a great quantity of heat, in the cir- 
culation of the atmoſphere by which it 
burns. The incandeſcent heat, therefore, 
which 1s neceſſary to the burning of that 
fire, would ſoon be carried away from the 
maſs of coals, however great, as it is from 
the inſulated coal ; and then the fire would 
be extinguiſhed in the burning maſs, in 
like manner as it is in the ſingle coal. 
Now we are inquiring, How it is that this 
burning heat is preſerved in the one caſe, 
and not in the other. 


In order to ſee this, we are to conſider, 
that, in the caſe of a ſingle coal, all the 
light which is emitted from that body is 
entirely loſt to that burning coal ; it tra- 
verſes the tranſparent medium with which 
the coal is ſurrounded, until it meet with 
PT 0s ſome 
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ſome body or ſome cauſe by which it may 
be arreſted, extinguiſhed, -or converted in- 
to heat. This burning body, then, is con- 
ſtantly expending a great quantity of ex- 
tremely Heating light, without being in any 
degree heated by this light which is emit- 
ted. But, in the caſe of coals burning in 
the aſſociated ſtate, which is termed a re, 
it is very different; here, each coal is re- 
ceiving the light of all the coals which are 
burning around it, while theſe are black 
bodies moſt fit to extinguiſh that light ; 
and, we have already found, that this light 
is of that ſpecies which is extremely power- 
ful in exciting heat. Now, all the light, 
which is generated within this fire, muſt 
be thus arreſted by the opake bodies, and 
converted into heat. Therefore, in a fire 
of coals, there is an immenſe ſource of heat, 
a ſource which is not in a coal when burn- 

ing ſingle. 
Upon this principle, we muſt ſee a grow- 
ing power in fire ; a power, not only capa- 
ble 
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ble of maintaining its own devouring, na- 
ture, but of increaſing, from the ſmalleſt 
{park, to the greateſt conflagration. 


To illuſtrate this, let the ſmalleſt particle 
of burning coal be ſo placed among ſimilar 
particles, not actually burning, but in a 
condition to burn with the addition of 
heat; in that caſe, thoſe ſurrounding par- 
ticles receiving that addition of heat from 
the focus, are made to burn ; and, in burn- 
ing, theſe coals return that heating ſpecies 
of light to the focus, for the increaſe of its 
burning. But, this is no other than a de- 
ſeription of what actually happens in re- 
ality, and upon every ſcale, from the catch- 
ing of the ſpark in tinder, to the kindling 
of the city or the foreſt. Fire, like animal 
or vegetable life, is propagated in a grow- 
ing ſeries. Invert this proceſs, again, and 
ſeparate the burning coals, ſo that they do 
not receive each other's light, the heat gra- 
dually diminiſhes, and the fire is ſoon ex- 
tinguiſhed. | 11 

| We 
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Me thus have every appearance of fire 
explained ; for, in this diſpoſition of things, 
where the light, emitted from the burning 
coal, is employed in heating coals ſupplied 
with every other neceſſary condition for 
burning, the fire proceeds without any re- 
laxation or decay, until ſome of the condi- 
tions are changed, or until all the coals are 


conſumed. © 


It muſt not be alledged, that this light, 
which is the cauſe of heat in fire, is emit- 
ted from the burning body in conſequence 
of that heat which is procured from the 
atmoſpheric air; for, if the burning coal 
emits its light in conſequence of its acqui- 
red heat, How comes it that this coal is 
cooled, though burning freely in the at- 
moſphere? Conſequently, it is not heat 
which is the cauſe of light in fire ; but, on 


the contrary, it is the light of fire which is 
then the cauſe of heart. 


In thus explaining fire, we have the con- 


ſirmation 
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ſirmation of this doctrine, That there is an 
internal principle of fire or phlogiſton la- 
tent in combuſtible bodies; and that this 
principle, when extricated from its chymi- 
cal combination, acts its part in the opera- 
tion of burning. Now, this luminating 
principle is no other than a certain modifi- 
cation of the ſolar ſubſtance, which is in 
the conſtitution of combuſtible bodies, a 
modification diſtinctly different from that 
of heat, by which the ſame ſpecies of light 
is made to be emitted from many bodies. 
If we ſhall thus be found to have diſtinct 
principles, by which the natural conſtitu- 
tion of bodies, whether heavy, hard, fluid, 
luminous, burning, hot, or cold, may be 
reaſonably conceived, here is a ſubject 
which ſhould excite the inquiry of natural 
philoſophers. But, theſe principles neceſ- 
farily exclude the ſuppoſition of heat mo- 
ving from a body as heat, however that 
principle of expanſion and fluidity may be 
tranſlated among bodies by means of its 
commutation and diffuſion ; they alſo ex- 
clude 


© 
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clude the idea of having the principle of 
cold ſeparated at all from a gravitating bo- 
dy, in which that power is n as 
inherent as the weight. 


Now the experiments, made by means 
of concave fpecula, are certainly well adap- 
ted for trying the truth of that theory with 
regard to the conſtitution of phyſical bo- 
dies, and the nature of thoſe moveable and 
commutable principles; for, if cold ſhall 
be found to be a moveable principle as well 
as heat, then will that theory be refuted ; 
but if, on the other hand, this appearance 
of moveable cold ſhall actually be explain- 
ed by the theory of the commutable prin- 
ciples of light and heat, as I have ventured 
to ſuppoſe, then will that theory be ſo far 


recommended to the conſideration of natu- 
ral philoſophers. 


In that theory, there is ſuppoſed to be, 
more or leſs, a continual emanation of light, 
whether viſible or inviſible, from bodies ; 
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but, in this light, there are different ſpecies, 
both with reſpect to the power of giving 
viſion, and to that of exciting heat in bo- 
dies. It is principally the ſpecies of light 
which gives little viſion, in proportion. to 
its power of exciting heat, that we have 
been now conſidering as predominant in 
the burning of combuſtible bodies, or a fire 
of coals. But now, upon the ſame prin- 
ciples, we may examine the other {pecies 
of burning, in which the fire conſiſts of 
flame, and in which the predominant ſpe- 
cies of light is not the ſame with that cf 
burning coal. We may thus have an op- 
portunity of generaliſing the facts, which 
Have been now inveſtigated with regard to 
fire or burning bodies, 
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SECTION it. 


In flammable Boilies aui, | hui N 


to the nature of Bus, ning. 


IN examining the burning of combuſ- 
tible bodies, we took for an example a ſolid 
coal. This body, after being heated to in- 


candeſcence, was expoſed to burn in atmoſ- 


pheric air; we then found that this coal, 
in burning, did not heat itſelf, but was ſoon 
cooled by the contact of the atmoſpheric 
fluid, and was thus extinguiſhed, merely 
for want of the neceſſary burning heat. It 
is now inflammable bodies which are to be 
examined with regard to burning ; and, in 
this caſe, the flame of a lamp, e. g. may be 
thought to repreſent the ſingle burning 
coal, with which it may then be compared. 
But, before we can properly aſſimilate thoſe 
two things, there are many circumſtances 


to be conſidered, 
This 
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This flame, no doubt, ſo far repreſents 
the burning coal, as being a body burning 
all over its ſurface expoſed to the atmoſphe- 
ric air. Thoſe two things are alſo ſo far 
fimilar, as to be both continually commu- 
nicating heat to the air in contact by which 
that heat 1s continually abſtracted. But 
they differ totally in this, that the coal, ge- 
nerating no heat in burning, is ſoon cooled 
and extinguiſhed 3 whereas the flame con- 
tinues to burn, notwithſtanding all its ſur- 
face is, like the coal, in contact with the 
cold atmoſphere by which its heat is con- 
tinually abſtracted. Here is apparently an 
anomaly, or a thing which correſponds to 
neither of the two theories of fire which we 
have been now conſidering. For, 


If, according to the antiphlogiſtic theory, 
we conſider this flame as burning like the 
inſulated coal, heated upon its ſurface by 
the oxigenating proceſs, or the calorique of 
vital air, How comes it that this heat is not 
diminiſhed, as in the coal, by the ſurround- 

| ing 
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ing fluid, more than it is heated by the 
burning? If, on the other hand, we ſhall 
conſider this flame as burning according to 
the theory which we have now inveſtigat- 
ed, How comes this burning body to pre- 
ſerve its heat, when the light, which is the 
immediate effect of burning, is emitted from 
the body, and radiated through the tranſpa- 


rent atmoſphere, therefore cannot heat the 
body which is burning ? 


Here then it may be thought that our 
theory, with regard to the burning of com- 
buſtible bodies, does not apply to that of 
mflammable bodies, ſo as to generalife thoſe 
phenomena. But, all theſe appearances 
will be properly explained in underſtand- 
ing the nature of flame, which is now the 

ſubject of inveſtigation. 


We are here conſidering two different 
ſpecies of fire, viz. that of combuſtible and 
that of inflammable bodies; the general 
principle then ſhould be equally perceived 


in 
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in each. But, there muſt 'be! ſpecialities 
in the caſe, ariſing from the different na- 
ture of the chymical ſubſtances employed; 
and, theſe ſpecialities may form a proper 
ſubject for inveſtigation, in order to illuſ- 
trate the theory, and explain appearances. 


The object to be held in view, on this oc- 
caſion, is the application of the principles, 
which we have acquired in the theory of 
combuſtion ſo far inveſtigated, to the burn- 
ing of flame, in order to confirm our 
theory, and to explain the appearances of 
inflammation, as has now been done with 
regard to thoſe of combuſtion, 


In the caſe of combuſtion, we have 
found, that the proper burning heat, of the 
kindled body, is not preſerved by the calo- 
rique, or condenſation of vital air; and we 
have found, that this heat, in the burning 
body, is entertained by the extrication of 
ght, from the decompoſition of what may 
be called phlogiſton in the ſubſtance of the 
oombuſtible body. 

We 
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Me are now to apply this doctrine to the 
fire of flame. But theſe two burning bo- 
dis, which are to be compared, differ ex- 
tremely in their conſtitution, ſo far as the 
one is a ſolid body, of a ſubſtance which in 
relation to heat is extremely fixed, while 
the other is not only fluid, in oppoſition to 
hardneſs or concretion, but is an elaſtic 
fluid, which therefore is a moſt volatile ſub- 
ſtance. It is theſe two bodies which are 
now to be compared with regard to burn- 
ing; and, as heat is a general principle or 
neceſſary condition for this chymical ope- 
ration, we muſt firſt confider thoſe two dif- 
ferent kinds of bodies with regard to their 
affection by heat without burning. 


In this reſpect, nothing can be more dif- 
ferent than are thoſe two kinds of bodies, 
The one admits of being heated to incandeſ- 
cence; and, this is a neceſſary condition for 
its burning. The other is an elaſtic fluid, 
or a vapour, which is now to be conſidered 
with regard to incandeſcen ce. 


oy * * 
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In the chymical treatiſe upon the ſubject 
of phlogiſton, I have ſhewn that an elaſtie 
fluid, ſuch as the atmoſphere, may be heat- 
ed above the degree of incandeſcence with- 
out emitting any ſenſible appearance of light. 
I then drew this concluſion, that the vapour 
of the inflammable ſubſtance was not heat- 
ed to incandeſcence by the calorique of at- 
moſpheric air in burning; but, it was not 
then in my purpole, to give all the illuſtra- 
tion to that propoſition, which we have 
now. purſued with regard to combultion, 
and which we are at preſent applying to the 
caſe of dame. | 


Netw, if an inflammable vapour be not 
capable of being heated to incandeſcence 
by the diffuſion of heat from incandeſcent 
bodies, and if ſome degree of incandeſcence 
be the proper condition for the burning of 
thoſe bodies, then, this inflammable vapour 
ſhould not be kindled, like a combuſtible 
body, by the communication of contact with 
an incandeſcent body. This reafoning is 

. alſo 


| 
| 
{ 
| 
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alſo fo far confirmed, in the cafe of certain 
extremely inflammable bodies, which can- 
not be kindled in that manner, but which 
are kindled moft l with the ſmalleſt 
mn of flame. 


But we are not here inquiring into the 
particular degrees of heat required as a con- 
dition for the burning of theſe two kinds of 
bodies, i. e. the combuſtible and the inflani- 
mable kind ; nor are we to exatnirie what 
may be the intenſity of the burning heat, 
or that which is a neceſſary condition for 
exciting flame in the kind of bodies now 
under conſideration. In the combuſtible 
kind, we have but one ſpecies of ſubſtance, 
which is a coal; but, in the inflammable 
kind, we have many fpecies ; and, theſe 
different ſubſtances require very different 
degrees of heat, in order to excite their in- 
flammation. 


* 


Without inquiring therefore into the par- 
ticular degree of heat, neceſſary to excite 
A a flame 
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flame in the vapour which has the other 
neceſſary condition for burning, I am now 
to illuſtrate the general theory, That burn- 
ing bodies are not heated by the caloriqne 
of vital air, and this I ſhall do from the 
manner in which inflammable bodies are 


Kindled. 


In the kindling of coals, the greateſt fire 
may be produced from the ſmallefl ſpark, 
by properly diſpoſing bodies for that pur- 
poſe, without which the burning will not 

proceed; but, in thus increaſing the quantity 
of fire or burning among bodies, there is 
required time, and a gradual progreſs, 
which may be confidered as flow compared 
with what we ſhall find in the burning of 
flame. But this manner of kindling, in 
the burning of coals, has been perfectly 
explained upon this principle, that the im- 
mediate effect of burning is the emanation 
of light, and not the production of heat, as 
is ſuppoled in the antiphlogiſtic theory of 
our chymical philoſophers, We are now 


˖0 
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to conſider how it may be with regard to 
the kindling of inflammable bodies. 


There is nothing ſo different, in relation 
, to light, as the two kinds of bodies now 
: compared; for, the one is perfectly opake, 
and the other tranſparent. In the opake 
kind, it muſt appear to be impoſſible to pro- 


p pagate fire in any other but that flow man- 
5 ner, by the bodies mutually heating each 
- other with their light emitted in conſe- 


quence of the burning ; here is a progreſs 
therefore, which, though indefinite as to 
quantity if materials are not wanting, is ex- 
tremely limited in point of celerify, as re- 
quiring a great quantity of time. But, the 
tranſparent bodies, which we are now ex- 
amining, are not in this predicament of re- 
quiring any conſiderable time, but mav b 
conceived as kindling with the greate 
pidity, almoſt with that of light. 


In order to underſtand this, we arc 
conſider the inflammable tranſparent vapou 


a: 
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as conſiſting of an indefinite number of in- 
finitely, ſmall particles of inſlammable mat: 
ter, and we are to ſuppoſe each particle of 
the inflammable ſubſtance, upon the ſurface 
of the body, to be in contact with a par- 
ticle of vital air, by which it is to burn ag 
ſoon as the proper condition for that proceſs 
ſhall exiſt. Let now the ſmalleſt ſpark of 
flame be applied to one of thole particles, 
it is immediately kindled, and emits its 
light. This light immediately kindles theſe 
around, which emit their light, and thus 
propagate the flame. Now, what 1s here 
to limit the celerity of this propagation ? 
Here is no opake bodics intervening to re- 
tard the progreſs of the light, in converting 
it into the burning heat neceſſary for the 
kindling of the ſolid body; each particle is 
inſtantaneouſly, as it were, lighted from the 
neighbouring ſpark or flame; and the ac- 
cumulating light is propagated without any 
ſenſible loſs of time. In this manner, the 
fire may be conceived, to run with the 
greateſt rapidity, from the one extreme of 
an A ; the 
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the greateſt body of inflammable vapour to 
the other, ſo that the whole ſhall be con- 
ſumed almoſt in a moment. 


TELE 


But ſuch an explanation cannot poſſibly 


be found in that theory which holds for 


principle, that the burning body is ſucceſ- 
ſively heated to incandeſcence by the de- 
compoſition of the elaſtic fluid of vital air; 
for, How could a great body of vapour be 
all heated, ſo as to burn, by the gradual 
communication of heat, which is not tran- 
{mitted in the manner of light, but which 


muſt travel ſlowly through an extenſive 
body of this kind ? 


To ſee the impoſſibility of it being any 
ſpecies of heat, which in the decompoſition 
of phlogiſtic bodies produces fire, we have 
but to confider a caſe which is moſt famili- 
ar to us. Let any inflammable ſubſtance 
be ſo heated as to boil or emit a column of 
riſing vapour; at the top of this column, 
however high it ſhall be raiſed, apply the 

ſmalleſt 
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ſmalleſt ſpark of flame; the vapour then is | 
kindled, and the flame deſcends in an in- | 
ſtant from the top of the column to the ſur- 
face of the inflammable ſubſtance which is 
thus kindled. Now it is impoſſible that 6 
the heating of a portion of the top of the 


colamn could deſcend in that manner 
againſt the ſtream of vapour continually 
riſing from the boiling fluid. 


Therefore, in finding that fire is propa- 
gated with the greateſt rapidity through 
thoſe inflammable bodies, we ſhould have a 
confirmation of our theory, and an expla- 
nation of thoſe appearances. But, not only 
is the inflammation of a body of pure va- 
pour, in contact with the atmoſpheric air, 0 
made in that rapid ſucceſſion which is in- p 
conſiſtent with the propagation of heat“, 

we r: 


* We have a remarkable example, of the celerity 
with which flame is propagated, in that great Meteor 
which was ſeen, ſome years ago, from the one end of 
Britain to the other, and alſo in France. There can be 
no doubt, I think, that this was a ſtream of inflammable 
vapour 
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we ſtill have a more remarkable example of 
this rapid progreſs of fire, in the inflamma- 
tion of thoſe vapours when mixed with the 
due proportion of vital air, which is requir- 
ed for decompoſing the phlogiſtic ſubſtance. 
In that caſe, there is an exploſion of the 
flame, which nothing but the rapid progreſs 
of light ſeems proper to explain. 


Thus it is proved, that in flame, as well 
as in combuſtion, the immediate effect of 
the chymical decompoſition is not heat, but 
the extrication of the light which had been 
fixed in the phlogiſtic body. 


We may now underſtand how the flame 
of a lamp or candle, which we at firſt com- 
pared te to a folid coal burning in the atmo- 


ſphere, 
rapour which had iſſued from the mineral regions of 
leeland, at that time laid waſte with ſubterraneous erup- 
tions. This train of inflammable vapour, about 60 miles 
high in the atmoſphere, had been kindled in the north 
end, probably by an electrical ſpark ; the inflammation 
then run the ſpace of ſeveral hundred miles in, perhaps, 
2 Minute of time, or little more. | 
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ſphere, continues to burn, while the coal is 
. neceſſarily . extinguiſhed. This flame can - 
not be compared, in this reſpect, with a 
burning coal; for, that flame properly re- 
preſents a fire burning by the conſtant ac- 
ceſſion of phlogiſtic bodies to be kindled in 
ſucceſſion, and by the propagation of its 
heat among thoſe bodies from the commu- 
tation of its light. So far therefore as this 
inflammable vapour continues to be pro- 
duced from the heated body in a conſtant 
ſucceſſion, and the inflammation propagated 
by continual kindling of thoſe advancing 
particles, this burning proceſs is properly 
aſſimilated with a fire of coals, when this 
is preſerved by the continual addition of 
combuſtible materials, 


192 


We may now explain an appearance 
which is continually occurring in the burn- 
ing of vegetable or animal bodies ; this is, 
the fuliginous ſmoke of thoſe fires, and the 
very different quantity of flame that may 
be made to appear, by burning thoſe bodies 
in different circumſtances, * 

Animal 


2 
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Animal and vegetable bodies are neceſ- 
ſarily compoſed of both kinds of burning 
ſubſtances, that is, of combuſtible and in- 
flammable ſubſtances, but, beſides thoſe 
pure combuſtible and inflammable fub- 
ſtances, animal and vegetable bodies con- 
| tain a great deal of aqueous ſubſtance, 
N which is neither mflammable nor com- 
$ buſtible; but which is evaporated by a 
- heat much inferior to that which is neceſ- 
t ſary for burning. Therefore, when we ex- 
d poſe ſuch a body to a burning heat, inſtead 
8 of kindling, the aqueous part is evaporated, 
y and along with it the volatile or inflam- 
is mable ſabſtance, which immediately con- 
of denſes in mixing with the cooler atmoſphere, 
thus ſorming ſmoke; and this ſmoke may be 
either more oily or more fuliginous according 
to the quality of the ſubſtances, and the de- 
gree of heat which the vapour had ſuſtain- 
ed, the difference, in this eaſe, being the 
greater or leſſet degree of inſpiſſation that 
the oil had ſuffered, or the greater or leſſer 
proportion of coal which is in the ſubſtance 
of the ſmoke. But this oleaginous and fu- 
mal | B b liginous 
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liginous vapour cannot be made to burn fo 
long as there is mixed with it a ſufficient 
quantity of the aqueous vapour, which is 
heated only 212 degrees in general; for it 
requires many hundred degrees more to 
Kindle the oil. 


This leads us to confider the means that 
may be uſed for procuring from thoſe com- 
pound bodies, the greateſt quantity of com- 
buſtion with the ſmalleſt quantity of flame, 


in burning. 


If we expoſe theſe bodies to a gradually 
increaſed heat, without the application of 
vital air to make them burn, i. c. in diſ- 
tilling thoſe bodies, in cloſs veſſels, we firſt 
ſeparate moſt of the aqueous ſubſtances, 
and then moſt of the ſubſtance which is 
oily or inflammable ; what then remains is 
the coal which. is combuſtible, and all the 
inflammable part is ſeparated without burn- 
ing. Now ſomething of the ſame kind may 
be done by -the artificial regulation of the 


heat, in burning thoſe bodies expoſed to 


the 
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the atmoſphere, in which caſe they will op" 
pa to burn without flame. 


In order to ſee this, let us take thoſe bo- 
dies after the moſt part of their aqueous ſub- 
ſtance is evaporated, and but little of their 
oil, Here let us apply ſuch a heat as ſhall 
ſuffice to make the coally ſubſtance burn, 
which is the heat of incandeſcence. But, 
this heat, though ſufficient to evaporate the 
oil, has not light ſufficient to kindle that in- 
flammable vapour; conſequently, by pro- 
perly managing that fire, we ſhall be able 
gradually to burn all the coal, and to eva- 
porate all the oil without kindling it. The 
inflammable vapour, which is thus pro- 
duced, is only to be kindled by increaſing 
the burning heat of the coal, or the light 
which it emits, to that degree of incandeſ- 
cence which is neceſſary to kindle the ſmal- 
leſt portion of the oily vapour, when the 
inflammation will ſuddenly - commence. 
Thus we have perhaps all the phenomena 
of fire and ſmoke, which appear in the 

burning 
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burning of animal and vegetable bodies, 
properly explained. 


In the chymical diſſertation upon phlo- 
giſton, when examining that cardinal experi- 
ment of burning inflammable and vital airs, 
I endeavoured to confute the theory of ca- 
lorigue by an argument taken from the 
quantity of fire produced on that occaſion ; 
at preſent, I have drawn the ſame conclu- 
ſion, by conſidering the celerity with which 
the inflammation is produced. Thus we 
find, that neither the quantity of the fire, 
nor the velocity of its propagation, corre 
{pond in any degree with burning being 
the effect of heat, but that, on the contrary, 
every appearance proves the heat to be the 
conſequence of light which is aden on 


theſe occaſions. 


We bare now other phenomena to con- 
ſider, as we are to examine the burning of 
bodies under particular circumſtances. 


| SECTION 
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SECTION Ill, 


of Doſlagriation, Exploſpon, and F. mination 
AI Burning Bodies. 


WI have been examining the burning 
elaſtic fluid ſtate; but, this oxigenating 
ſubſtance is alſo found in a ſolid conereted 
ſtate, as in nitre, and in the {uper-0x1ge- 
nated marine acid, Having thus a power- 
ful oxigenating ſaline ſubſtance, we may 
now compare the burning of bodies when 
decompoſed with nitre, inſtead of atmoſphe- 
ric air which we have _ conſidered. 


For this ſpurpoſe, we are to conſider the 


deflagration of nitre, firſt, with the com- 


buſtible ſpecies of burning bodies, (of which 


charcoal is the example), and, ſecondly, 


with the inflammable ſpecies, (of which ſul- 
phur will be the example); this then will 


give 
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give us a proper view of that ſpecies of 
burning, and of the circumſtances. with 
which it is attended. 


In the examples of charcoal and nitre, 
which are to be mixed together for that 
ſpecies of burning which is called deflagra- 
tion, we may firſt conſider the chymical 
conſtitution of the two ſubſtances which 
we are thus to employ, in order to have 
a proper notion of all the parts which are 
then to come into action, and which are 
mutually to affect each other in that burn- 
ing proceſs, which may be conſidered as a 


chymical decompoſition by means of a 


— elective action. 


In is ſubſtance of l after 4* 


ſtracting from a ſmall quantity of inflam- 
mable compoſition which is ſtill left in the 
coal, and alſo neglecting that ſmall quan- 
tity of earthy matter which is neceſſarily 
in its compoſition, we have ſtill a com- 
. mer as the go of our ex- 

_ periment. 
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periment. The one part of this fubſtance 
is that to which may be properly given the 
name of phlogiſton; and, of this ſubſtance, 
we ſo far know the nature, negatively, as 
having no weight, or not affecting the gra- 
yitation of the body, ſo far as we know. + 


The other part may perhaps be conſi- 
dered as a much more palpable thing, of 
which we then may underſtand the poſitive 
qualities. This however, I believe, is a 
miſtake ; we do not perhaps know more 
of the one than of the other. While thoſe 


two things are united, we know not 1 
of the ſpecific qualities of either; it i 


compound quality, of this affoeiated ſub- 
ſtance, that we perceive in coal. For, 
though the weight of the body is a poſi- 
tive quality that may be properly attribut- 
ed to the one part alone, we have as good 
reaſon to attribute the poſitive quality of 
blackneſs or opacity, as well as the power 
of 3 electricity, to the other. 

Thera 
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There is no reaſon, therefore, to ſuppoſe 


formed, with regard to the nature of the 
one of thoſe two conſtituent parts of char- 
coal than of the other; and, we ate to 
have recoutſe to the examination of thoſe 


two ſubſtances when ſeparated from each 


other, in order to know more of their na- 
ture, 


But here, again, we meet with the ſame 
or ſimilar difficulties ; for, the one of thoſe 
ſubſtances is a fugacious thing, and it only 
gives us information of its nature by its 
eſcape, unleſs we ſhall conſider the infor- 
mation of our fight, on this occaſion, as 
being the moſt abſolute information. This 
13 the proper phlogiſtic part ; and, though 
this ſenſation of light does not give us in- 
formation with regard to the ſtate of that 


phlogiſtic ſubſtance, when united in the 


body, it aſcertains it to be that ſame ſub- 
ſtance which is continually flowing to us 
from the ſun ; therefore, the fugacious na- 

ture, 


that we ate better or more poſitively in- 
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ture, of this ſolar ſubſtance, 1 is no objection 
to its being eſteemed a ſubſtance at leaſt 


a8 well known as any qther, | 


On the other hand, the permanent na- 
ture of the other conſtituent part of char- 
coal, which after ſeparation we have it in 
our power to confine, leads not to any 
more perfect knowledge of its proper na- 
ture; for, here we ſtill have it in a com- 
pound ſtate; and, it is only now combined 
with a different ſubſtance. This is the e- 
laſtic fluid which Dr Black firſt named fix- 
ed air, and which he diſcovered as the ſub- 
ſtance ſaturating alkaline earths and ſalts; 
but now this compound ſubſtance is moſt 
ſcientifically named the carbonic acid, which 
it truly is, in having been RTE! by the 
combination of vital air, 


Hence all our knowledge, with regard 
to the nature of charcoal, comes to this, 
that 1 it! is s compoſed, on the one hand, of 


r the 


202 Philoſophy of Light, Part V. 


the ſolar ſubſtance which does not Eule. 
tate, and, on the other, of that vegetable 
principle which, being oxigenated or com- 
bined with vital air, forms carbonic acid, 
or that elaſtic fluid which is found fo abun- 
dantly in this earth ſaturating calcareous 
ſubſtances. | ; 


The chymical nature of nitre, again, is 
ſo far underſtood as being compoſed of an 
acid and a fixed alkaline falt. The acid, 
with which we are here principally con- 
cerned, is known to be compoſed i in part 
of vital air, or to contain that oxigenating 
ſubſtance in a large proportion. 


Having now to decompoſe this chymi- 
cal body, charcoal, by means of the oxige- 
nating ſubſtance contained in the nitrous 
acid, nitre and charcoal are to be united, 
and then kindled. In that caſe, fire and a 
moſt violent exploſion take place. This 
fire is now to be compared. with that of 
the coal burning with atmoſpheric air. 


We 


1 


ma 


= 
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We have ſeen that a coal, burning with 


atmoſpheric air, exhibits a ,very different 
appearance, according as, it is more or leſs 
of a ſolid body; but here, where we may 
have the charcoal intimately mixed with 
the oxigenating or decompoling ſubſtance, 
we might expect to find the decompoſition 
or burning to proceed with great rapidity, 
and the light thus diſengaged to become 
moſt bright. | Now it is in the laſt of theſe 
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1 that we may perhaps find our expectations | : 
a in ſome meaſure diſappointed; and, this | 4 
| i tbe appearance which we may now en- x 
I} 9=avour to explain. b 
* 8 --: | 
In the burning of charcoal by means of | 

nitre, there are two diſtin operations to F 


be conſidered. One of theſe is the diſen- 
gagement of the ſolar ſubſtance, which 
ſhould then appear in its proper form of 
light; the other again is the production of 
a carbonic gas by combination of the OX1- 
genating principle with that part of the 
coal, which is now deprived of its phlogiſ- 
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ton. But, this laſt operation muſt require 


much latent heat, in order to make it, from 


a concreted ſubſtance, (which is was, both 
in the nitre and in the coal,) become an e- 
laſtic fluid body; and, this heat muſt be 
procured from the commutability of light, 
which is abundantly produced on this oc- 
calion. Hence we may underſtand how 
the naſcent light may be much impaired, 
in expanding the gas which is generating 
in that operation ; and therefore that there 
| ſhould appear leſs light, than might other- 
wiſe be expected from the conſumption of 
the coal. At the ſame time, . there ſhould 
be an elaſtic exploſion, from theſe two fix- 
ed ſubſtances, 'which, in this commutation 
of naſcent light and latent or elaſtic heat, 
finds its true or only explanation, 


Here 1s a theory the truth of which may 
now be tried, by comparing with it the de- 
flagration of nitre and ſulphur ; for, here 
are different circumſtances of things, con- 
ſequently, there ſhould follow different ap- 

5 pearances; 
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pearances ; and if, in this caſe alſo, the ap- 
pearances ſhall correſpond with the princi- 
ples upon which we have -reaſoned, the 
theory of this deflagration, as well as that 
of ſimple burning, will be ſo far confirmed. 


In the deflagration of ſulphur, while the 
phlogiſtic part eſcapes in light, the proper 
ſulphuric matter is oxigenated by the con- 
denſed vital air of the nitrous acid ; and, 
this vitriolic acid is combined with the al- 
kaline baſe of the nitre. Here then is not 
required the commutation of the naſcent 
light, as in the caſe of coal ; and, the rapid 


inflammation of this volatile ſubſtance muſt 


afford the production of moſt intenſe light. 


Now in order to ſee the juſtneſs of this 


concluſion, we have but to conſider, that, 


according to the principles upon which we 
reaſon, ſulphur may be burned either in 
the ſloweſt manner and with a ſmall flame, 


when moſt of the naſcent light is extin- 


guiſhed in expanding or heating the con- 
| | tiguous 
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be burned with the greateſt intenſity of 1 in 
flammation : In the one caſe, the light, | 
from the burning ſulphur, ; is not fit almoſt 
to illuminate bodies, but is extremely co- 
loured the little that appears; in the other 
caſe, the light is moſt vivid, and ſo far deſ- 
titute of colour, or approaching to the per- 
fect light. But between theſe two ex- 
tremes, we have a great range of degrees, 
in which the ſulphur may be burned with 
a light which ſhall approach more , or leſs 
to either of thoſe extremes; and, all this 


proceeds upon the ſame 1 


Thus wre have generaliſed the deflagra- 
tion of bodies, according to the principles 
of fire or burning ; but ſtill we haye a 
more violent caſe of deflagration to conſi- 


der ; and, this ſpecies of burning we may 
term the fire of exploſion. 


Aſter explaining the two laſt caſes of de- 
Eagration, t this of exploſion will not be dif- 
e | ficult 


| 


ult 
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ficult tc to underſtand; for, i it is only a com- 
poſition of the BL: two. We have there- 
fore now only to examine, what ſhould be 


the conſequence of uniting together thoſe 
two caſes in the ſame operation. 


In order to do this, we muſt conſider, 
that, in the one caſe, there was a great pro- 


duction of elaſtic fluid without great in- 
tenſity of light or heat, and that, in the o- 
ther caſe, there was a great production of 
intenſe light but no great production of e- 
laſtic vapour, | 


But this is not all, we are alſo to conſi- 
der, that, in the deflagration of coal, the 
proceſs of burning is flow compared with 
the deflagration of the inflammable body. 
But now let us ſuppoſe the rapid inflam- 
mation of the ſulphur, and its bright light, 
to be diſperſed intimately among the maſs 
of the opake flow burning coal, and we 
ſhall find, that, ſo far as the intenſity of the 
light and the celerity of the deflagration is 

thus 


| g 


thus amazingly inereaſed, the conſequence 
muſt be, the ſudden production of the moſt 


powerful elaſtic fluid, expanding with ex- 


treme force. 


Thus we find the phenomena of gun- 


| powder fully explained, according to the 


general theory of deflagration, and the par- 
ticular circumſtances or compoſition of this 
exploding powder. But there is ſtill ano- 
ther caſe to be conſidered, in which we 
ſhall find occaſion to employ our principles 
ſo far inveſtigated, and to explain the ac- 
tual appearances of things. 


When coal is deflagrated with nitre, al- 
though this exhibits a rapid ſpecies of burn- 
ing, compared with a ſolid coal expoſed to 
atmoſpheric air, it is a gradual and flow 
operation, compared with the mixture of 
ſulphur and nitre which deflagrates rapidly. 
In forming again the exploding powder 
by the compoſition of thoſe two kinds of 
. we obtain an extremely pow- 

erful 


SE II. Hat, and Fire.” 209 


erful expanſive force, in the elaſtic fluid 
that is formed, ſo as to be capable of over- 
coming a moſt amazing reſiſtance; but, 
the celerity of this expanſion, however 
great compared with the gradual deflagra- 
tion of the coal and nitre, is far from in- 
ſtantaneous, and may be ſlow in compari- 
ſon of an exploſion which ſhould be phy- 
ſically inſtantaneous, that 1s to ſay, appa- 
rently ſo. Let us now endeavour to form 
an idea of what this would require. 


In exploding gun-powder, a ſpark of fire 
is applied to one place of the maſs, and, 
with a rapid progreſſion, it is ſoon commu- 
nicated to the whole; but, we may con- 
ceive every particle of the maſs to be, by 
an increaſed heat, ſo prepared for burning, 
that the inſtant one of them is kindled all 


the reſt ſhall explode at once, without wait- 


ing for the gradual progreſſion from parti- 
cle to particle, which naturally takes place 
in the employment of this powder. Now, 
Is there ſuch a thing to be found in nature, 
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or in art lt muſt be evident, that were 
gun- powder ſuch a ſubſtance as might be 
melted altogether, or brought by heat into 
a fluid ſtate, then, by gradually increaſing 
that heat, the whole maſs might be brought 
to that ſtate of deflagration which we re- 
quire, in order to have the inſtantaneous 
exploſion. 


Now, we have actually ſuch a compoſi- 
tion as this; for, inſtead of compounding 
gun-powder with charcoal, which is to pro- 
duce the elaſtic power required for the 
purpoſe of that exploſion, we may ſupply 
its place with an alkaline ſalt ſaturated with 
fixed air or carbonic acid.—In juſtly pro- 
portioning thoſe three things ſulphur, nitre, 

and acrated fixed alkaline ſalt, and by melt- 
ing together this compoſition, we obtain a 
fluid which, by properly increaſing the 
heat, comes at. laſt to that point when the 
decompoſition takes place at once, appa- 
rently, in every particle of the maſs. This 
is the very thing which we required ; and 
thus 
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thus is actually procured a proper fulmi- 
nating compoſition, which ſeems to be the 
ultimate to which we may proceed. 


In the exploding powder, it is the force 
of the elaſtic fluid produced that forms 
the proper character of this powder, which 
kindles with the ſmalleſt ſpark; and thus 


gives a power which is much employed 


for the purpoſes of man. But, in the 
fulminating compoſition, it is not the 
power of the exploſion which forms the 
character of this operation; it is the ce- 
lerity with which that exploſive power 
is formed, It is thus that a violent per- 
cuſſion of the air, without any confinement 
or mechanical contrivance, produces the 
ſound. of muſketry, or cannon, in the 


burning of this fulminating compoſition. 


There is now a circumſtance to be ob- 
ſerved in this fulminating operation, which, 
in being explained, will contribute to con- 
firm the theory. 

| In 
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In the compoſition of this fulminating 
ſubſtance, there is a certain quantity of ſul- 
phur and nitre, which, in deflagrating, we 
know produces the brighteſt flame; but 


Here, though the burning of the ſulphur be 


almoſt inſtantaneous, yet very little light 
appears in the fire of that exploſion ; and, 
this is the appearance that ought to be ex- 
plained. 


To underſtand this phenomenon, we 
have only to conſider what difference the 
mixture of. the aerated alkali makes in the 
operation. Without the alkali, the defla- 
gration of the ſulphur and nitre would be 
-made with much light, as has already been 


'explained ; but, in this fulminating com- 


poſition, the naſcent light is almoſt all em- 
ployed in giving the heat of elaſticity to the 


- carbonic acid, or fixed air, which thus ſud- 


-denly expanding, is the proper cauſe of ful- 
mination. Thus, according to our theory, 
fulmination, in this caſe, is properly the 
noiſe of that rapid exploſion, without the 


proper light of the deflagration, 
This 


Sect. III. Heat, and Fire. 213 


This theory of fulmination may be illuſ- 


trated by that which happens with regard 


to the fulminating preparation of gold. 


Aurum fulminans may be heated to a cer- 
tain degree without exploding; but if, after 
cooling again, one grain of this powder 
ſhall be bruiſed, the whole explodes with- 
out being heated. Here it is evident, that 
the fulmination, however appatently in- 
ſtantaneous, is ſucceſſive, the exploding of 
one part being the cauſe for the exploding 
of another. 


It was not till after writing this diſſerta- 
tion, that I have ſeen an account of very 
intereſting experiments, by Dr Deimen and 
his coadjutors, (Recherches Phyſico-Cbe- 
migues). This is the burning of ſulphur with 
ſome of the metals, without the aid of vital 
or atmoſpheric air. It is ſurpriſing that this 
experiment or fact ſhould have been ſo long 
unknown ; but, when we conſider, that it 


is the contention between the phlogiſtic and 
che antiphlogiſtic theories of burning that 


renders 
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renders this experiment ſo intereſting, - we 


ſhall be inclined to believe, that the fact 
may have been often obſerved, without be- 


ing conſidered as of any importance. The 
preſent ſtate of ſcience, with regard to that 
ſubject, makes this experiment moſt valu- 


able, when otherwiſe it would be but an 


inſulated fact. I may now avail myſelf of 


this new light, in forming an argument in 
favour of the phlogiſtic doctrine. 


The antiphlogiſtic theory maintains, that 
ſulphur and metals are {imple ſubſtances, or 
to us uncompounded bodies ; and that, in 
the burning of the one, and calcining of 
the other, the oxigenating part of vital air 


is combined with thoſe ſimple ſubſtances, 


while the calorique of the vital air, thus ſet 
at liberty, exhibits the appearance of fire or 
burning. This doctrine is plainly refuted 
by theſe experiments, where the phlogiſtic 
part is made to appear in flame, without 
the calorique of vital air, and without the 


oxigenating proceſs. Here the burning 


operation 
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operation is performed by means of heat 
and the union or combination of the ſul- 
phuric and metallic ſubſtance ; the compo. 
ſition ſeemingly requiring or admitting of 
leſs phlogiſton, than in the ſeparate ſtate. 


Here is a new ſpecies of burning, ſo far 
as the oxigenating part of vital air, which 
ſeems to be required in all the other pro- 
ceſſes of this kind that we know of, is not 


neceſſary in this caſe. In other reſpects, 
I ſee no reaſon why this example ſhould 
not be comprehended in the phlogiſtic the- 
ory of fire or burning. 


SECTION IV. 


Of the Emiſſion of Coloured Light from 
Burning Bodies. 


We have aſſimilated the two different 
kinds of burning bodies, in the operation 


of 
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of fire; and we thus have generaliſed the 
principle of burning, in appealing to matter 
of fact, or natural appearances properly 
analyſed. 


We have alſo applied this theory for ex- 
plaining the various appearances of defla- 
gration, exploſion, and fulmination, in the 
compoſitions of known ſubſtances. We 
are now to endeavour to inveſtigate ſome 
of the particular affections of the ſeveral 
ſpecies of light, in being emitted from thoſe 
different kinds of burning bodies. 


All hard or conereted bodies are capable 
of being heated to the ſtate of incandeſ- 
cence ; in which caſe, the light emitted, 
when the heat is in a low degree, is always 


of the red ſpecies ; and, in proportion as 


they are more intenſely heated, the light 
which they emit is more and more of the 
compound ſpecies, in approaching to the 
white colour. 


With 
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With regard, again, to meltd bodies, or 
thoſe that are ſimply fluid, theſe, fo far as 
heated to incandetcence, emit light upon 
the ſame principle ; but it is by no means 
certain, that all thoſe bodies may be heated 
ſo as to emit light. I am almoſt of opinion, 
that, without ſome principle or degree of con- 
cretion, opacity, or colour, in the ſubſtance 
of thoſe bodies, they would not emit light, 
or are not capable of being put into the 
ſtate of incandeſcence ; this, however, is 
not a point which we are concerned in de- 
termining ; therefore, I only throw out this 
opinion as a ſubje& proper to excite the 


inquiry of natural philoſophers. 


The inflammable bodies, which we are 
now examining, mult be conſidered as not 
admitting of that ſtate of incandeſcence by 
means of -being heated, or as not emitting 


light upon that principle; for, they are ela- 


ſtic fluids, which cannot be ſo heated. The 
only principle, upon which we are to acs 
knowledge them as emitting light, is that of 

E e TIE burning. 
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burning. Here then a queſtion occurs, 
with regard to the ſpecies of light which 
thoſe bodies ſhould emit, in the lowelt } mn 
tenſity or degree of burning. 


It muſt appear, that we have no princi- 
ple or data for determining, a Priori, the 
ſpecies of light whith ſhould be then emit- 
ted, although there may be reaſon to con- 
clude, that this coloured ſpecies ſhould be 
different from that which is emitted by the 
coal. For, ſo far as light is to be affected 
by the ſpecific difference of the bodies with 
which it is to have an action and reaction, 
we have no reaſon to ſuppoſe that light 
ſhould be affected in the ſame manner by 
bodies, the conſtitutions of which are ſo 
extremely different. That the ſeveral ſpe- 
cies of light are variouſly affected by the 
different conſtitutions of bodies, is a fact in 
natural philoſophy which requires no illuſ- 


tration, We have but to reflect upon the 


powers in bodies for variouſly reflecting, 
abſorbing, tranſmitting, and refracting light, 
beſides 


71 Rn 8 1 


des 
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beſides the partial affections of the different 
ſpecies, in being variouſly detained in thoſe 
affections, and thus divided into colours. 
The only general, therefore, which we may 
form in relation to that ſubject, is this, that 
the ſeveral ſpecies of light ſhould be diffe- 
rently affected, according to every material 


change which takes place in the conſtitution 
of bodies. | 


But the two kinds of bodies now conſi- 


dered are ſo extremely different in their 


conſtitution, although agreeing in being 
phlogiſtic bodies, that, ſo far as this is to 


operate in the rule of emiſſion for the dif- 


ferent ſpecies of light in burning, we ſhould 
conclude a different rule to be obſerved in 
thoſe two caſes. We could not ſay that 
the rule of emiſſion for the different ſpecies 
{ſhould be reverſed in thoſe two caſes; but, 
in finding the rule actually reverſed, we 
have a right to ſay, that this muſt be the 
effect of the different conſtitution of thoſe 
burning bodies, and the various affection 
of the ſeveral ſpecies of light. 


It 
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It appears from experience, that there is 
a general rule obſerved for opake, concre- 
ted, and combuſtible bodies eraitting light 
in the loweſt degree of incandeſcence, or 
burning ; and, this rule 1s, that the red fpe- 
cies ſhall be then emitted; now, in the op- 
poſite kind of bodies, we find the rule re- 
verſed, and that the ſpecies of light moſt 
oppoſite in the priſmatic ſcale is then emit- 
ted. Thus we find, that the blue or violet 
ſpecies is always emitted on thoſe occaſions. 


In the flame, for example, of a candle, 
the light abſorbed, in contact with the cold 
atmoſpheric air which is thus heated, muſt 
be of the red ſpecies; for, the weak light, 
remaining or emitted in the under part of 
the flame, is blue. That the light is thus 
abſtracted from the under part of the flame, 
in heating the atmoſpheric fluid which is 
conſtantly riſing up along the flame, ap- 
pears from this; a concreted body, placed 
vertically above the flame, is heated to in- 
candeſcence by that riſing ſtream, although 

that 
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that expanded and heated fluid does not it- 
ſelf emit light. | 


In the upper part, again, of the flame, 
there is often a degree of redneſs in the 
light which appears; and this happens 
more or leſs according to the quality of the 
ſubſtance which is burning, and according 
to the conditions of the burning, in being 
leſs or more properly ſupplied with vital 
air. But, all this is perfectly explained 
from the coally ſubſtance contained in the 
inſlammable body, which carbonic matter 
may be more or leſs conſumed before it 
reaches to the upper part of the flame; 
where alſo it may be made to appear in a 
fuliginous ſtate, without being burned, 


If the intenſity of fire be much diminiſh- 
ed by the aqueous matter in the inflam- 
mable vapour, the general colour of the 
flame will be blue, as we may obſerve in 
the burning of ardent ſpirir, 

A 
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A queſtion may perhaps here naturally 
occur, viz. How comes the ſame atmoſphe- 
ric air, which is employed in burning, to 
affect the emerging light ſo differently in 
thoſe two caſes, of ſolids, and elaſtic fluids ? 
We are not now inquiring what may be 
the cauſe of this diverlity of colour in thoſe 
two ſpecics of burning bodies ; it is an elec- 
tive action of light in relation to bodies; 
and theſe elective actions are matters of 
fact, which do not admit of farther expla- 
nation, But, we generaliſe this matter of 
fact in relation to the elective action of 
light, in finding that the general colour of 
all ſolid or opake bodies, when in the low- 
eſt ſtate of incandeſcence, is that of redneſs, 
or that in which the red ſpecies of light 
prevails. Now, could we know the colour 
of the incandeſcent heat, in like manner, of 
elaſtic fluids, we might then either genera- 
liſe that elective action of light, which we 
diſcover in ſolid bodies; or, we ſhould diſ- 
cover another elective action of the light, 
in relation to elaſtic fluids, But, we can- 


not 


© ma. 
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not heat elaſtic fluids to incandeſtence 
and, in thoſe burning fluids, it is the oppo- 
ſite ſpecies to the red which appears as pro- 
per to the flame, when ſufficiently diminiſh- 
ed in its incandeſcence. This then is the 
fact which we have now generaliſed with 
regard to inflammable bodies, in like man- 
ner as has been done with reſpect to the 


light emitted from incandeſcent and com- 
buſtible bodies “. 


Theſe are the general phenomena of 
flame ; and theſe may be obſerved not on- 
ly in the flame which burns with great in- 


tenſity, 


* We are not here concerned with the intermediate 
ſpecies of the priſmatic colours, which are occaſionally 
perceived in the flame of bodies containing particular 
chymical ſubſtances, by which the naſcent light is af- 
fected out of the ordinary or general courſe ; this is a 


caſe ſimilar to that of the colouring modifications of 


matter in bodies, by which particular fpecies, of the in- 


cident or tranſmitted light of the ſun, are abſorbed and 
retained, while the other ſpecies proceed to inform our 


lenſe with their peculiar colour. Vide Diſſert. upon 


Subjects of Nat. Phil. Diff, VII. C. V. 
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tenfity, and thus produces much light, and 
conſequently heat, but alſo in thoſe which 
burn with ſo little intenfity as to be hard- 
Iy capable of producing ſenſible heat. An 
example of this we find in the burning of 
phoſphorus, by ſimple expoſition to atmo- 
ſpheric air; we have but to examine this 
flame with a magnifying glaſs, and we per- 
ceive in it all the phenomena of which we 
have here been treating. 


But there is ſtill a farther illuſtration of 
this ſubje& of fire which I think of great 
importance to- conſider. This we have in 
electricity, which is diſtinctly different from 
both light and heat, although it ſtands in a 
cloſe relation to both; and now this ſub- 
jeQ i is to be examined, with regard to the 


phenomena of burning which is here exhi- 
bited. 


It is not in the ſtate of equilibrium that 


electricity exhibits any appearance of either 
light 
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light or heat; but, in the violent exertions 
of this fluid to reſtore an equilibrium which 
had been greatly violated, we find appear- 


ances which may be generaliſed with thoſe 


of fire, and which will thus ſerve in ſome 
meaſure to illuſtrate the theory of burning. 


The ele&tical fluid, in this ſtate of tran- 
ſition, is either made to paſs through the 
ſubſtance of an opake conducting body, or 
it is made to leap from one conducting 
body to another, through a ſhort ſpace, 
without any ſenſible intermede, or through 


a rare tranſparent fluid; and it is in this 


ſtate of tranſition that it exhibits to us the 
appearances of fire. 


In the caſe of being conducted through 
an opake body, it exhibits the appearance 
of heating the body from the loweſt to the 
higheſt degree of incandeſcence; but, on 
this occaſion, it is impoſſible to ſay whether 
this active ſubſtance emerges immediately 
in the ſtate of light or heat; for, as thoſe 

1 | two 
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two things are mutually convertible, the 
appearance muſt be the ſame to us; whe- 
ther, as light within the ſubſtance of the 
body, it heats it ; or whether, as heat, the 
body is thereby made to radiate or emit 
light. 


But, this is not the caſe, when the elec- 
tricity is made to leap from one conducting 
body to another, through the rareſt ſpace, 
or through a fluid which we have already 
found to be incapable of being heated to 
incandeſcence. Here, the commutable ſub- 
ſtance of electricity is immediately convert- 
ed into light; and, in this ſtate, it exhibits 
the ſame appearance which is found in 
flame; conſequently, there is reaſon to con- 
clude, that the converſion of electricity, in- 
to the appearance of fire, is made upon the 
ſame principle as that by which bodies are 
made to burn. 


But here we have an opportunity of 
adding confirmation to this theory. For, 
beſides 


des 
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beſides that inſtantaneous tranſition which 
is made in leaping from one conducting 
body to another, the electric fluid may be 
made to flow in a conftant ſtream; and 


this exhibits, in a great degree, the caſe of 


inflammable bodies emitting their light in 
flame. Here we have an opportunity of 
examining the appearance of this electric 
flame; and, it is here that the ſame order 
is obſerved, for the emiſſion of the different 
ſpecies of light. Thus the theory of fire 
or burning bodies is illuſtrated and confirm- 
ed in the appearances of electricity, when 
this moving ſubſtance is made to change its 
modification in being converted into light, 


SECTION V. 
Recaputulation and Concluſion. 


THe moſt perfect light, ſuch as comes to 


us from the ſun, being white, is known to 


be 
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be compoſed of different ſpecies, which in 
relation to our ſenſe are properly coloured. 


Theſe ſpecies are variouſly affected by the 


different kinds of bodies on which they fall; 
and are thus more or leſs reflected, extin- 
guiſhed, inflected, tranſmitted, and refrac- 
ted. Theſe ſpecies have alſo different pow- 
ers for affecting our ſenſe, and for heating 
bodies. It is thus that we have now formed 
the diſtinction of two very different kinds 
of light; the one having great luminating 
power, for the ſenſe of ſight, while it has 


comparatively little power in exciting heat; 


the other having, on the contrary, heating 
power, while it excites no viſion. 


It is the light of burning bodies which 
has been thus inveſtigated, as conſiſting of 
thefe different kinds; and,' we have been 
examining the principle of fire, or nature 
of burning, We may now briefly ſtate 
what we have found in relation to that ſub- 
ject. 

Firſt, 
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Firſt, we have found reaſon to conclude, 


that in no caſe of burning is the light, which 
then appears, the effect of heat obtained 
from the decompoſition of vital air; but that 
it is the extrication of light, fire, or phlo- 
giſton, which had ſubſiſted in thoſe bodies 


as fixed light, or a peculiar modification of 


the ſolar ſubſtance, combined with the other 
chymical elements, or with the gravitating 
matter of the body. This then is a diſtinct 
modification, different from thoſe of heat, 
or light, or electricity. Hence we obtain a 


theory of burning bodies, or a principle of 
fire, diſtinctly different from that of heat. 


Secondly, we have found burning bodies 
to conſiſt of two kinds; the one of theſe is 
properly combuſtible, the other is inflam- 
mable. But, though the phenomena of burn- 
ing, in-thoſe two caſes, are extremely diffe- 
rent, we have found reaſon to conclude that 
they both proceed upon the ſame principle. 
Here then is a generaliſation of the ſubject, 
which 1s to ſcience of great importance. 

Thus, 
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Thus, it is light which is the thing im- 
mediately produced in burning; and, it is 
only mediately that heat is excited on this 


occaſion ; either, in thoſe combuſtible bo- 
dies which are burning in an aſſociated ſtate, 


i. c. a fire of coals, or, in the inflammable 
ſpecies, where the emerging light heats both 
the inflammable body and the contiguous at- 
moſpheric fluid. 


Thirdly, in conſidering the proceſs of 
burning as an inſtantaneous thing, ſeeing 
that we have no knowledge of the particu- 


lar ſteps which may ſucceſſively take place, 


we neceſſarily conneR, with that ideal point, 
two periods of time; the one immediately 
prior, and the other poſterior, to that mo- 
ment of change. In the firſt, i. e. before 
burning, there muſt be formed a proper ſtate 
of preparation, when all the neceſſary con- 
ditions for the complicated chymical opera- 
tion muſt take place; in the laſt again, i. e. 


after burning, there is a new ſtate of things, 


which is the effect of the momentary ope- 
| ration. 


* 3 i of, 
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ration. Now it is in comparing thoſe two 
Rates, which we examine, that we judge of 
what muſt have happened, or been tranſ- 


acted, in the intervening period, however 


inſtantaneous. 


But, beſides that ſuppoſed inſtantaneous * 
operation, in which the decompoſition of 
phlogifton and the oxigenating compoſi- 
tion of vital air are made, we have an- 
other ſubjet for conſideration; this is 
the communicating of that fire or burning 
proceſs, from the firſt ſpark or kindling, 
ſucceſſively among the individual parts of 
the body which is thus to be conſumed. 
Now, this propagation of fire through the 
maſs, may be executed or proceed in very 
different portions of time, or with more or 
leſs celerity, according to the circumſtances 
which variouſly influence that operation ; 
and this exhibits very different appearances, 
which have been explained. 


It is in this manner that I have diſtin- 


guijhed, 
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guiſhed, firſt, the ſimple burning of com- 
buſtible and inflammable bodies, by the ap- 
plication of atmoſpheric air. Secondly, I 
have conſidered the burning of thoſe bodies 
by the application of vital air in a concrete 
ſtate, when it can have no latent heat; and 
this has been diſtinguiſhed by the term of 
deflagration. Thirdly, I have conſidered the 
compoſition of the combuſtible and inflam- 
mable ſpecies, when united together and 
burning with the concreted air; this then 
forms another ſpecies of deflagration, which 
has here been termed exploſion. Laſtly, I 
have conſidered a ſtill more rapid progreſs 
of the burning, or propagation of the fire 
throughout the decompoſing maſs; and this 
forms another ſpecies of exploſion, which 
has been termed /ulmination, It is by ſhow- 
ing the proper circumſtances which, in thoſe 
different caſes, occaſion the more or leſs ra- 
pid progreſs of the burning through the 
maſs, that I have endeavoured to explain 
the various appearances, and to generaliſe 
the proceſs of fire or burning, in order ſo 
far to complete the theory. 

Fourthly, 
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Fourthly, during that period of burning, 
which is variouſly performed as to time, we 
have ſeen that there is occaſionally a divi- 
ſion made of the naſcent light; one part be- 
ing extinguiſhed in heating or expanding 
the contiguous elaſtic fluid; while the other 
continues to proceed as light emerging from 
the burning body. It is in this manner 
that, by diminiſhing ſufficiently the ſize of 
the flame, almoſt all the naſcent or emer- 
ging light is extinguiſhed in heating the 
contiguous fluid, and little remains for pro- 
pagating the fire, and for illuminating the 
ſurrounding bodies. Thus alſo, on the con- 
trary, by feeding the fire with the pure oxi- 
genating fluid, the fire becomes more bright, 
and the conſumption of the phlogiſtic body 
is increaſed. 


Laſtly, there is a certain general rule ob- 
ſerved with regard to the production of co- 
loured light, in thoſe two caſes of combuſ- 
tible and inflammable bodies. In the firſt, 
t is the one extreme of the priſmatic order 
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which is made to prevail in the colour of 
the diminiſhed light; whereas in the ſecond, 
it is the oppoſite extreme which then ap- 
pears, We thus may underſtand that, in 
the burning of coals, it is the blue ſpecies 
of light which is extinguiſhed in heating 
the atmoſpheric fluid; and that thus the red 
{pecies appears to prevail in the light of that 
fire. Whereas, on the other hand, it is the 
red ſpecies which is extinguiſhed in flame; 
conſequently, it is the blue ſpectes which 
then occaſionally appears, as the colour of 


that part of the flame which is diminiſhed 
in its light. 


Here then is a generalifation of many 
facts reſpecting light and heat, by reaſon- 
ing from effect to cauſe. It will thus ap- 
pear, that thoſe two commutable principles, 
light and heat, form one of the great agents 
in the material univerſe; and that this agent 
is diſtinctly different from gravitation and 
concretion, the two modifications of another 
great agent, - modifications by which bodies 
are 
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are always heavy, and occaſionally hard. 
Now it is the buſineſs of philoſophy to ex- 
plore the general laws by which all the par- 
ticular actions or events, belonging to thoſe 
powerful agents, are ſo wiſely governed. It 
is thus that philoſophy enables man to ſee 
the intention of his Author, by reading that 
which is written in the book of nature. 


May 1 be allowed to add, that here are, 
for the conſideration of philoſophers, two 
very different theories with regard to the 
actions and affections of light and heat, — 
thearies by which the appearances of nature 
ought to be explained. If, on the one hand, 
the theory of calorique ſhall be adopted, 
then, it will be neceſſary to give ſome more 
explicit idea of the ſubject; for, the well 


known principle of /atent heat, (from which 


the notion of that theory was taken,) how- 
ever important in natural philoſophy, will 
not explain the appearances of fire, If, on 
the other hand, the theory of phlogiſton and 
mviſible light, as has been now explained, 

Mall 
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ſhall be approved of, then, philoſophers will 
find it neceſſary to acknowledge another 
kind of matter in bodies, beſides that which 
polleſſes the power of gravitation and con- 
cretion, 


But this opens a great field for philoſo- 
phy, in which we ſhould ſee the cauſe of 
fluidity and expanſion, as well as the pro- 
per diſtinction of concretion and gravitation. 
Philoſophy will thus acquire a general prin- 
ciple of ſeparation and repulſion, as well as 
a general principle of union or attraction. 
Gravitation will not then be the only uni- 
verſal principle in the ſcience of phyſics; 
although it is only by means of that firſt 
great principle of attraction that the prin- 
ciple of repulſion may be properly eſtabliſh- 


ed, as being inveſtigated both in its direc- 


tion and intenſity. I have made an attempt 
of this kind, in Diſſertations upon Subjects 
of Natural Philoſophy; with what ſucceſs 
remains to be determined by natural philo- 
ſophers, 


PART 
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PART VI. 


Fixed Light, or the Principle of Fire, exa- 
mined with regard to Gravitation and In- 
ertia. 


SECTION I. 


The Solar Subſtance examined with regard 


to Grauitation, 


WU treating of abſolute gravity *, 
or the principles of real weight in bodies, I 
conſidered the material univerſe as compo- 
ſed of two different ſubſtances, acting with 
oppolite intentions or directions, and mu- 
tually reſiſting the accompliſhment of each 
others actions. Upon this principle I ſhow- 

ed, 


* Diſſertations on Subjects of Natural Philoſophy. 
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ed, That we have no certainty for conclud- 
ing the weight of bodies to be a juſt mea- 
ſure of the abſolute quantity of the matter, 
or ſubſtance, which acts upon uniting prin- 
ciples in thoſe bodies; but that it may only 
indicate the quantity of gravitation which 
is then not oppoſed and balanced by the ſe- 
parating power,—a power which is as ge- 
neral in the univerſe, perhaps, as that by 
which bodies tend continually to unite. 
Here then would be a principle of levity, 
by which bodies might be affected, as well 
as a principle of gravity. But now the 
queſtion is, If there be ſuch a principle, by 


which the actual weight of bodies is truly 
affected? 


Upon no occaſion is there ſo much rea- 
ſon to look for the operation of this prin- 
ciple of levity, as in the burning of phlo- 
giſtic bodies; for, ſo much of the ſolar ſub- 
ſtance is ſeparated from a body in burning, 
that this ſubſtance, conſidered as a principle 

of levity, might have ſenſibly affected the 


gravitation 


Sea. I. 
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gravitation of the body when combined 
with it. We are therefore to inquire how 
far this may be made actually to appear. 


Burning bodies have been accurately ex- 
amined by philoſophers of late; for, in the 


new diſcovery of having water produced by 


burning inflammable and vital air in cloſs 
veſſels, they had occaſion to examine how 
far the weight of the water was equal to 
that of the materials from whence it had 
been formed. Upon thoſe occaſions, they 
have concluded, that the water was equal 
in weight to the inflammable and vital air 
employed; conſequently, it would thus ap- 
pear, that the principle of fire, i. e. Heir 
calorique, or ou phlogiſtic matter, had not 
had a ſenſible effect in the gravitation of 
thoſe bodies. | 


But, notwithſtanding the accuracy and 
ingenuity with which thoſe philoſophers 
proceeded in making their experiments, we 
are left in this uncertainty, that the effect 

Nadie Pans | 
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of the ſolar ſubſtance upon the weight may 
actually take place, but that it may be too 
{mall a thing or quantity for obſervation, 


To put this ſubject out of doubt, we ought 
to have ſome ſort of meaſure of that effect 
which is looked for, in order to judge how 
far, in thoſe caſes, there were reaſon to ex- 
pe& a ſenſible quantity in the ſubject of 
experiment. This then is one of the ob- 
jects which I have here in view, and which 


I hope may be ſtated in a clear light. 


The other object reſpects the antiphlo- f 
giſtic theory of calorique; for, here I ſhall con 
find an argument, as upon all other occa- by 
ſions, againſt the theory which holds for for 
principle, That fire proceeds from heat, in ing 
other words, that the operation of burning wh 
is nothing but the tranſlation of the latent rac! 
heat of bodies, or its transformation into cre; 
ſenſible heat ſufficient to enable the body to free 
emit light. | | litt] 

not 


J ſhall alſo procure a confirmation, of I cefl 
that 
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that theory of fire which has now been 
given, from a ſubject which has not been 
yet applied to it. What is ſtill perhaps 
more intereſting to philoſophy, we ſhall 
have a confirmation of that theory of necr- 
tia which has been given in another place. 
By late experiments, it would appear that 
water, in its fluid ſtate, does not weigh ſo 
much as when it has loſt its latent heat, and 
thus become concreted in the ſtate of ice. 


This experiment was moſt ſcientificaily 
contrived by Bergman; and it was executed 
by Dr Fordyce in a very accurate manner; 
for now, Sir Benjamin Thomſon, in repeat- 


ing this experiment, under circumſtances 


which exclude every ſuſpicion of inaccu- 


racy, has found the ſame quantity of in- 


creaſe in the weight of the water upon 
freezing. This quantity, it is true, is but a 


little part of the weight of the water; it is 


not, however, for that reaſon, the leſs ne- 
cellary, in natural philoſophy, to have it 
"SK properly 
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properly explained, that is, to have this 
event generaliſed by being aſſimilated with 
other events, or thoſe which form the ſyſ- 
tem of material things. 


If it be ſo, as would appear from thoſe 
accurate ſcientific experiments, that there is 
in bodies a principle of levity as well as of 
weight, here is one of the moſt important 
truths in natural philoſophy. In the re- 
ccived philoſophy of gravitation, we were 
led to believe, that all matter muſt have 
weight: Now, ſo far as this were to be held 
as the true philoſophy of gravitation, here 
is an experiment which muſt neceſſarily 
rcfute the only general principle, which is 
as yet acknowledged by philoſophers, with 
regard to the phyſical ſyſtem of bodies. 


I have endeavoured to ſhow, in the dit- 
ſertation upon the ſubje& of gravitation, 
that our philolophy, with regard to that 
ſubject, had been unneceſlarily founded 


upon a wrong principle ; and I have at- 
tempted 
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tempted to eſtabliſh the general principle 


of gravitation upon its true grounds. I 
there contend, that, although gravitation be 
general to all examinable or conſiſtent and 
reſiſting bodies, it does not follow, that all 
matter, of which bodies are compoſed, 
ſhould be actuated with the power of union 
or attraction. We have now been exa- 
mining matter of another kind in the com- 
poſition of bodies,—matter which has the 
power, in heat, of feparating the gravitat- 
ing ſubſtance of bodies, —and matter which, 
in light, may be ſo radiated in ſpace as to 
ſeparate for ever. It is this ſpecies of mat- 
ter which ſeems to have the power of giv- 
ing levity to bodies, inſtead of adding to 
ihcir weight, 


But now we have been inveſtigating a 
certain phlogiſtic combination of this ſpe- 
cies of matter in bodies, or, we have here 
een the ſeparation of it from the bodies 
ia which it had been contained, as fixed 
light, united with the other chymical ele- 


ments, 
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ments. Are we then to conclude, that this 
matter had been a cauſe of levity in thoſe 
phlogiſtic bodies, while in its combined 
ftate ; and that the gravitating matter had 
increaſed the weight of the body, upon the 
decompoſition or ſeparation of that quan- 
tity of the ſolar ſubſtance Before we 
form ſuch a concluſton, there are ſeveral 
things to be conſidered, 


Nothing is more certain than that the 
ſolar ſubſtance oppoſes, reſiſts, and over- 
comes the action of the gravitating matter 
which is proper to this globe. But, there 
are different modifications of this ſolar fub- 
ſtance; and, each of theſe has its peculiar 
eſlect. Even in the general modification 
of heat, the ſolar ſubſtance may either act 
in oppoſing, balancing, and overcoming the 
gravitation of the particles of a body, or it 
may overcome and ſuſpend their concre- 
tion ; for, theſe are two very different u- 
Thus we have the diſ- 
tinction 
1 * See Diſſertations, upon Subjects of Natural Phi- 
 loſophy, 


niting powers *, 


tha 
reſ 
the 


Sect. I. Heat, and Fire. 245 


tinction of one ſpecies of heat, when it is 
the cauſe of fluidity; and of another ſpe- 


cies, when it expands bodies, or produces 
fluid elaſticity. 


It does not therefore neceſſarily follow, 
that, becauſe the ſolar ſubſtance in a body 
reſiſts the gravitation or ſuſpends part of 
the weight upon a particular occaſion, or 
in one modification, it ſhould always do ſo, 
or upon every occaſion ; for, it is only 
when the ſame modification of the ſolar 
ſubſtance acts upon a {1milar occaſion, that 
we are to ſuppoſe the ſame effect to fol- 
low. But, this reaſoning is only general 
or analogical ; and now we want to have 
particular information or more direct proof. 


The principle of levity, in bodies, is 
tounded upon experiment ; and, it is both 
the latent heat of fluidity, and the ſenfible 
heat of diſtenſion, that appear to be the 


cauſe of that event, in which the weight 


of a body is diminiſhed, 
It 
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It is the latent heat of water which has 
been the principal ſubject of this experi- 
ment. But even the ſenſible heat has ap- 
peared to affect the gravitation, and that in 
a conſiderable degree. This, however, 1s 
an experiment of great delicacy and leſs 
preciſion, as it is much more complicated 
than the other caſe, i. e. of meaſuring the 
effect of the latent heat when cauſing flui- 
dity ; for, in this laſt caſe, the body is 
weighed in the ſame temperature, when 
on the one hand it is hard, and when on 
the other it is fluid. So difficult a matter 
it is to meaſure this effect of the ſenſible 
heat, that, had it not been for the ſatisfac- 
tory experiment of the ice and water, we 
could hardly have truſted to the informa- 
tion of the balance with regard to the ef- 


fect of ſenſible heat diminiſhing the weight. 


But, the circumſtances, which renders it 


ſo difficult to meaſure the effect of ſenſible 


heat upon the gravitation of bodies with 
accuracy, do not attend thoſe experiments 
which 
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which ſhould have for object to examine 
the effects of plogiſtic matter upon the 
weight of bodies. For, as phlogiſtic bo- 
dies may be weighed, both before and af- 
ter burning, in the ſame degree of heat, 
there is no other difficulty, in making the 
experiment, except the including a ſuffi- 
cient quantity of the inflammable materials 
in cloſs veſſels, which are then to be 
weighed, before and after burning, in the 
ſame temperature. In that caſe, knowing 
the quantity of heat which had been the 
conſequence of burning, and which muſt 
repreſent the correſponding quantity of light 
which had been ſeparated from the burn- 
ing bodies, we might then form ſome 
judgment, with regard to the effect of 
the phlogiſtic matter upon the actual weight 


of the body, in which that ſolar ſubſtance 
had been combined. 


Such experiments have been made; and, 


from theſe it would appear, that the phlo- 


giſlic matter in a body has not any ſenſi- 
| ble 
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ble effect upon the weight. Therefore, we 
are to conclude, That it is only heat by 
which the gravitating power of bodies may 
be affected; and, that there may be con- 
tained in bodies much of the folar ſub- 
ſtance, in another modification, without the 
actual weight of the body being thereby 
impaired. 


It will thus appear that the principle, 
upon which heat acts in a body, is uni- 
tormly to oppoſe, reſiſt, and overcome the 


uniting powers; but, that with which we 


are now particularly concerned, is the 
weight of the body, which is thus diminiſh- 
ed by heat. We are therefore to compare 
this effect of heat with that of fixed light 
in the compoſition of phlogiſtic bodies. In 
the one caſe, the gravitation of the. body 
is affected, and not in the other; but, in 
both caſes, it is the ſame kind of matter, 
or the ſolar ſubſtance, which we are conſi- 
dering as combined with the gravitating 
matter of the body. 

55 | We 
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We have thus ſtated two facts in which 
there is no inconſiſtency or contradiction; 
for, the phlogiſtic ſubſtance in a body, and 
the modification of heat, although matter 
of the ſame kind, as being modifications of 


1 
> — 
— _— . - - "> 
— — 


the ſolar ſubſtance, and commutable ele- RN. | 
ments of bodies, are very. difterent things, Fl | \ 
or, as powers, act according to very diffe- 1 
rent rules, while in thoſe modifications. U 
But, though thoſe two facts are not neceſ- a y 
farily oppoſed as contradictory, or incon- 10 
ſiſtent, yet, ſeeing the one leads us to con- ä | 19 
clude, that the ſolar ſubſtance in a body "lj 
affects the gravitation, while the other, on {it jj 
the contrary, leads us to believe, that the 90 
folar ſubſtance may be in a body without i 0 
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obſervation and change *, in which we 
cannot be deceived, or in which there is 
abſolute certainty, ſo far as the experiment 
is fair and truly obſerved. The other, 
again, is only a negative propoſition, im- 
plying that we have not obſerved any ef- 


fect of the ſolar ſubſtance upon the weight, 


when that phlogiſtic matter is in the com- 
poſition of the body, or no change in the 
cravitation when the matter of light is re- 
moved {rom that compoſition. Therefore, 
all that we can conclude with certainty 1s 
this, that the effect, if there be any, muſt 
be leſs than the quantity which we are juſt 
able to obſerve. 


But though tliis negative obſervation 
may not be ſatisfactory of itſelf, yet, when 
compared in all its circumſtances with the 
other fact, we ſhall find a degree of evi- 
dence for the poſitive propoſition or phyſi- 
cal truth which we had, formed from that 

negative, 


See an Inveſtigation of the Principle of Know- 
ledge, part 2d. ſect. 3d. 
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negative, viz. That the gravitation of the 
body is unaffected by the phlogiſtic ſub- 
ſtance in its compoſition, But, in order 
to ſee that evidence, we muſt now com- 
pare thoſe two experiments 1n all their cir- 
cumſtances; and, in thus examining the 
particulars, we may judge how far we 
ſhould have perfect confidence in the ex- 
periments, by which thoſe facts or phylical 


truths muſt bc eſtabliſhed. 


We have here two caſes to compare, 
viz, the experiment in which the oblerva- 
tion is a poſitive thing, and that in which 
it is only negative. Now 1t, in the poſi- 


tive caſe, the quantity of the heat employ- 
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ed were a conſiderable thing, while, in the 


0 | 
other, the quantity of the ſolar ſubſtance 0 
were but ſmall, we would not heſitate to {| | Il 
conclude, that, notwithſtanding of there be- il 
ing no effect obſerved, this might aQually 1 104 
take place, but be too ſmall a thing for our 1 i 
obſervation. But, it is the very oppoſite, 1 
in the caſes we are now conlidering ; and | 


this 
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this muſt lead us to form a yery different 
concluſion, 


In the experiment where heat appears 
to have an effect upon the weight, the 
quantity of that heat is but ſmall, it being 
only the latent heat, or that which is ne- 
ceſſary to render the body of ice fluid; 
the poſitive information however of the 
experiment leaves no room to doubt with 
regard to the concluſion, provided there be 
no fallacy in the obſervation of fo ſmall a 
quantity; and, this quantity in the reſult 
being ſmall, is no defect in the evidence, 
as it correſponds ſufſiciently with the cauſe, 


to give the experiment all the appearance 
of truth. 


In the experiment, again, of burning in- 


flammable vapour and vital air, the quan- 


tity of light, (valued in heat) which is ſe- 
parated in burning, bears ſo great a pro- 
portion to the gravitating body, compared 
with the latent heat of the water in the o- 

ther 
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ther caſe, that, were it to affect the weight 
in a ſimilar manner, this could not fail to 
be perceptible in the experiment, provided 
that both experiments were executed with 
equal accuracy and ingenuity. 


With regard to this accuracy in contriv- 
ing and executing the experiments, there 
ſcems to be no reaſon to diſtruſt either one 


or other; therefore, we are to conſider 
them both as equally correct. 


Upon the whole, then, the ſtate of the 
caſe is this. In the one experiment, the 
method is ſo perfect, the accuracy of ob- 
ſervation ſo ſufficient, and the reſult (ſo far 
as has yet been tried) ſo uniform, that, 
though the quantity of the effect be but 
ſmall, we cannot reaſonably doubt the truth 
of the obſervation. In the other experi- 
ment, again, the quantity of the matter, or 
cauſe, which ſhould have the effect, is ſo 
conſiderable, that a ſmall effect, if there 
had been any, ſhould be a perceptible ſub- 

jeg 
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ject of obſervation. Therefore, we muſt 
admit this general concluſion, That, whilſt 
heat has a ſenſible effect upon the weight 
of bodies, the ſolar ſubſtance, or matter of 
light, which is in the modification of phlo- 
giſton, would appear to have no ſuch effect. 


It was no ways neceſſary to my theory 
of the ſolar ſubſtance, and its various modi- 
fications, that this ſhould have been the ac- 
tual ſtate of things ; but now, that ſuch 
would appear to be the fact, I may be al- 
lowed to employ it as a principle in our 
_ philoſophy. Therefore, let us now com- 
pare the two theories of fire with this phy- 
fical truth ſo far inveſtigated. 


In the theory of calorique, the principle 
of fire is evidently meant (however inac- 
curately or unſcientifically) to be placed in 
the latent heat of bodies, or in that of fluid 
elaſticity ; but, the latent heat of fluidity, 
as well as the ſenſible heat of dilatation, 
has been found to affect the weight of 

bodies. 
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bodies. Conſequently, were the principle 
of fire to be conſidered as any ſpecies of 
heat which had been latent in bodies, there 
would be reaſon to look for a great effect 
of this matter upon their weight. Here 
then that theory 1s plainly inconſiſtent with 
matter of fact, with which it ſhould have 
agreed. 


This, however, 1s not the caſe with the 
other theory. This theory maintains, that 
the principle of fire is a certain quantity of 
ſixed light in bodies, which is conſidered 


as phlogiſton ; and, the action or effect of 


this matter, or modification of the ſolar ſub- 
ſtance in bodies, is ſo very different from 
that of heat, that it is not unreaſonable to 
ſuppoſe, that the one may have an effect 
upon the weight of bodies, and that the 
other may have none, 


eon, 


Þ : f * 7 
3 
4 . & 
'T / T1 
S' 3 | 
© 
[4 0 
[1 1 
＋ * 1 
' 1 * 
L} 
1 : 

: ST 
11 1 
. 1 
* 

[ 1 
* 4 | © 3 

1 
1 - 
. 7 
5 1 14 

4 : 

19 1 5 
111. 

. 

. 

3 

; P'S 
Py 4 
F : * 
4 » 
w? 4 ”Y 
7 14 
vn o + "7 
T's = * x 
1 
ih : 
. 7 > : 1 
1 . 
'7 1 14 
F 
: + © 

1 75 

4d * 2 
: ! 47 

1 : 
" : 

11 iT 71 
1 1 04 4 
24 | l 

81 7" . y : 
: 4 - 
: 47 
} 44 
17 : : : 
1 : 131 
4 
1 if 
inns : F307 B 
S.: * As 
Men 
inn 
4 \ / 
: ' : 
: Fob 1 
; . , \ 14 
: 1 
17 
291 ! T 
44 : : 
4 14 
14 
LE. ] G 
28+ a : : 
F 
A + 
5 11 
f 1 
1 1 
11 141 +: 328 
i l . 
4% 4 \ 1 : *3 
: 487 * - Y 
b 3 2 "+ $8 
0 1 194 
1 41 
11 
3 al 14 {| 
.* 77 #2 7 is 
| £7 r 
1 4F G : 
+ %* i * 
10 Mo 1 
p Jo 1 14 4 
+25 By 1 
11 1 
LOL E BRHLYG 
1 5 
1 f ö 
*3 7 . 
i 
1 
(14:1 2008 
i: : 
* ro { : 57H 
17 | +1 
iSz . "1 IN 
1 A : 14 
4 w * 4 7 
: \ , 14 
Wl | 0 
1 Us k | 
s | 1 
14 i: 
= 3 o 
1 \ 
v8, 7 
11 
1 1 
: 1 E 
0 1 
94 1 
! 11 
1 1 
i T6 { *22 1 
7 „ 
f Fg 
133 | : 
14 14 
114 
11 [4 4 
U 31 
8s Is | | 3 
1 
1 
\ 
: 


+ — — 


— v——_ — = "x 2 
2 RL, - 


— — — "_—_ 4 p ' — — * __ — 
rr + > WY OE” Zn 
= * — K n 3 
2 2 P "I" hs D = 


— 


— a 


- = — — — 
BPB 
. — — AE — 
— — — * 
— — —— — 
_— 
LS, h — 
* * - 98 — 
— — < 
_ 


— 

— 
— — — —— — 
— * 


256 Philoſophy of Light, Part VI. 


SECTION I.. 


The Solar Subſtance Examined, with regard 
to Inertia. 


HAviNG inveſtigated, ſo far as we can, 
the principle of levity in bodies, we are 


thus led to a curious ſubject of diſcuſſion, 


a ſubject intimately connected with gravi- 
tation, and a ſubje&t with which natural 
philoſophy is not a little concerned. 


Our object in this diſſertation being to 
examine the ſolar fubſtance in the ſeveral 
modifications of light, heat, and phlogiſton 
or fire, we may here inquire how far the 
matter of thoſe modifications ſhall appear 
to have inertia, or not. Till of late, ſuch 
an inquiry might have been but an idle ſpe- 
culation, or a fruitleſs undertaking ; it is ſo 
far otherwiſe at preſent, as we have now 


acquired 
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acquired ſome data by which to reaſon up- 
on the ſubject. 


It has been a received notion in natural 
philoſophy, that all mater neceſſarily muſt 
have znertia. That all natural bodies, which 
we are able to examine, have inertia, as 


they have weight, is a matter of fact, and 
not a truth flowing from any univerſal pro- 
poſition with regard to matter ; it is more- 
over evidently neceſſary, in the ſyſtem of 
this world, that thoſe bodies ſhould be ſo 
conſtituted ; but, it does not follow from 
this, that all matter, or any thing elle be- 
ſides thoſe in which it is neceſſary, ſhould 
have this property which we find in gravi- 
tating bodies, as I have endeavoured to il- 
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luſtrate in another place. But now we 


have an opportunity of conſulting nature 
in relation to this ſubject, which can, only 
be decided by experience; and, in finding 
any .matter without inertia, we thall acquire 
a phyſical truth, and an important principle 
in natural philoſophy, 

18 K E Now, 
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Now, ſo far as we have been reaſoning 
upon a fact, viz. that heat affects the weight 
of bodies; and, ſo far as phlogiſtic matter 
in bodies has not weight, there is a proper 
ſubject for experiment, in order to know if 
that phlogiſtic matter, which has no weight, 
be poſſeſſed of inertia, or not. For, by 
employing ſuch bodies as a pendulum in 
meaſuring time, we ſhould find how far 
thoſe bodies have more inertia, (according 
to the received notion with regard to that 
power), in proportion to their gravitating 
matter, than other bodies which are not 
phlogiſtic. | 


This experiment has, I believe, been 
made with ſufficient accuracy to decide the 
queſtion, For, although it is but a nega- 

tive propoſition that is founded upon the 
experiment, affirming that 20 difference had 
been obſerved ; yet, ſeeing that the quan- 
tity of the thing to be obſerved is a ſuffi- 


cient object for giving information, the not 


appearance of it is an abſolute proof, or 
* poſitive 


re] 
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poſitive evidence, that it is wanting, in that 
caſe. Therefore, the cardinal fact upon 
which this important truth depends, is the 
actual exiſtence of that ſolar ſubſtance, 
without weight, which we have termed 
fixed light, in the compoſition of phlogiſtic 
bodies. Now, it has been the obje& of 
this diſſertation, upon the ſubje& of fire, to 
aſcertain that fact; and, at preſent, philo- 
ſophers muſt judge how far that end has 
been attained. 


We have thus acquired data by which 
to reaſon concerning the ſubje& of inertia, 
and to form the moſt aſſured judgment in 
relation to that which has been conſidered 
as an univerſal principle of material things. 


Inertia is properly a quality of natural 


bodies, in like manner as is weight. It is 


not a moving nor a reſiſting power, pro- 
perly ſpeaking, but a capacity of perſevering 
in a ſtate, whether of motion or of reſt, but 


without having an active power to reſiſt a 


change. 
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change. Without making this neceſſary 
diſtinction of power and capacity, (as has 
been done in the before quoted diſſertation), 
it is impoſſible to underſtand the nature of 
inertia. 


Inertia is the law of action and paſſion 
by which motion 1s tranſlated from one 
body to another, as well as continued in the 
body which has been made to change its 
place; and, in this tranſaction, the rule ob- 
ſerved is the actual weight of the bodies. 
Therefore, according to this theory, matter 
that did not gravitate could not affect the 
inertia of a heavy body with which it 
ſhould be united. Now this, we have ſeen, 
is confirmed by actual fact, or a proper ex- 
periment. | 


But we have been alſo conſidering a cer- 


tain ſpecies of matter, which not only does 
not gravitate, but which diminiſhes the ac- 
tual weight of a heavy body ; now, Does | 
this matter alſo affect the znertia of that bo- 

dy, 
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dy, as it ought according to the above the- 
ory? This is a queſtion which is not as 
yet decided by experience. Dr Fordyce 
has propoſed an experiment of this kind, 
upon the ſuppoſition, I preſume, that the 
latent heat of water impairs its weight, but 
not its vs inertiae. According to our the- 
ory, the znertia mult be always in propor- 
tion to the actual weight. Dr Fordyce's 
propoſed experiment, if practicable, would 
decide this point. In the mean time, let us 
reaſon upon the ſubject of inertia, fo far as 
we have acquired principles for that end. I 
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We have found, that there is matter l 
which not only does not gravitate, but | 4 
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which ſuſpends part of the gravitating | 10 
power of bodies. Now, I aſk, What 1 Ii 
. . MN 
ſhould be the nature of this matter in rela- th l 
tion to inertia? It cannot give znertia up- | | i 
on the principle of gravitating bodies ; for, 1 fl 
inſtead of itati it has the oppoſi 1 
gravitation, it has the oppoſite Wl! | | 
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5 power. What then is the oppoſite to in- i; | it 
: ertia, i. e. that paſſive power or capacity of Il | | 
, receiving {i 
1 
f 
1 
N 


— — - — 


V. —.— —— — 


= X——DZEC — 


— 
— 


262 Philoſophy of Light, Part VI. 


receiving an imparted motion according to 
a certain rule? Is not this a&:vity and ex- 
ertion, a power continually acting, and 
tending to ſome end? This then is the 
proper attribute of that matter which dimi- 
niſhes the gravitation of a body. But, this 
is alſo the attribute of gravitating matter; 
for, gravitating matter is that which in bo- 
dies is continually acting and exerting 
power directed to an end. 


We thus find two different kinds of mat- 
ter in bodies, neither of which have the 
quality of inertia; they are conſtantly ac- 
ting with oppoſite intentions, and then 
form the proper conſtitution of natural bo- 
dies, which acquire inertia in the balance 
of thoſe oppoſite powers, at leaſt, it is there, 
and there alone, that we find inertia. 


Io ſee how little reaſon we have to look 
for inertia in any other thing, let us ſup- 
poſe a certain ſpecies of matter, which did 
not gravitate, to have inertia ; What would 
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be the nature of this thing? If, according 
to the common notion of matter, this be a 
thing which is extended, then it is a body 
with magnitude and figure; and now we 
may conſider it in relation to gravitating 
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bodies which have znertia and momentum, 1 
Let the body which does not gravitate 1 
be impelled by the body moving with mo- ö | vl 
mentum ; I aſk, In what manner, or accor- | j ö 
ding to what rule, is the velocity of the l Fl 
moving body to be divided between the wt | 
two bodies? According to the rule of our 10 | 
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any of its own velocity; for, it is only in WI 
proportion to the weight of a body at reſt, ö | | | 
that it can diminiſh the velocity of the ft 1 


caſe, the two bodies would move together 
with the firſt velocity; and this would be 
the creation of motion without a cauſe, or 
the action of one body upon another with- 


out any reaction, which is inconſiſtent with 
the actual courſe of nature. 
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moving body in receiving motion. In that l 
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Let us again ſuppoſe the gravitating bo- 
dy, at reſt, impelled by the body which 
moves with inertia, but without momentum. 
In that caſe, the two bodies muſt either, 


move together, or both reſt. If the bodies 


move, here is motion created, and momen- 
tum, from nothing ; for, the firſt moving 
body has no momentum, and now the heavy 
body moves with momentum. If again the 


two bodies do not move, but remain at reſt 


in conjunction, here is motion annihilated, 
or action ended without reaction or effect. 
Thus we are led into concluſions which 
cannot be admitted. 


We have thus conſidered the matter with 
inertia as being a thing extended ; let us 
now ſuppoſe it to be without extenſion.— 
Matter without extenſion muſt exiſt in 
acting or in ſuffering, that is, either in ac- 
tion or in paſſion. If in the firſt, this ac- 
tion muſt be that of a moving and reſiſting 
power, ſuch as, for example, that of gravi- 
tation; but this is not inertia, which is on- 


ly 
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ly a capacity of being moved ; it is the very 
oppoſite of inertia; ſo that a thing cannot 
have thoſe two attributes at the ſame time. 
If again that unextended matter ſhall be 
ſuppoſed to exiſt in paſſion or capacity, 
this muſt be either the capacity of receiving 
motion, or of being made to feel. Now, it 
muſt be the firſt; for, a material thing can- 


not be ſuppoſed to feel, which is the pro- 


perty of mind; and it is with this that 


matter is contraſted. But, to what purpoſe 
have the capacity of receiving motion? It 
has now been ſhown, that this thing, mo- 
ving only with 72er{9, could not move any 
of the bodies of the material univerſe, with- 
out creating force which it has not, as ha- 
ving no weight. 


Therefore, no kind of matter, or no 


other thing beſides gravitating bodies with 


moving and reſiſting powers, can be ſup- 
poſed as having what is called 7nerta, 
which 1s properly a certain law with regard 


o the communicating velocity or motion. 
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If it ſhall be allowed us thus to conclude, 
That the ſolar ſubſtance cannot be poſſeſſed 
of inertia, but that it may act variouſly in 
relation to the matter which is proper to 
gravitating bodies, then here is an argument 
againſt the commonly received notions of 
natural philoſophy, in which the inertia of 
matter is aſſumed as an univerſal principle, 
or in which it is ſuppoſed to be a reſiſting 
power, inſtead of that which it 1s, viz. a 
mere capacity. 


We may now form a theory with regard 
to light, the principle of fire in bodies; for, 
we have found that it is a ſubſtance which 
has no weight, and which, in this ſtate of 
fixed light, or phlogiſton, does not affect 
the gravitation of the body to the earth, as 
it may do in another modification ; that is 
to ſay, being converted into heat, it then 
becomes in ſome meaſure a principle of le- 


vity, in the heated or the fluid body. 


Neither light nor heat act, like phyſical 
bodies, 
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bodies, by their weight, their figure, or their 
volume ; therefore, light and heat are not 
to be conſidered as phyſical bodies, but as 
certain powers affecting phyſical bodies 
with regard to which they act. We indeed 
ſpeak of a body of light; but this means 
only light coming from a body. If bodies 
are viſible, then light properly is not viſible; 
light is the means by which we ſee colour, 
and thus are made to perceive bodies, to 
which we attribute colour as well as mag- 
nitude and figure. Heat again is never 
ſuppoſed to be a body; we only ſpeak of 
heat as a quality in bodies, and as a feeling 
of our ſenſe, 


Light not being a body, although con- 
ceived as moving with extreme velocity, 
the effect of that ſolar ſubſtance in phyſical 
bodies is not progreſſive motion; the effect 
of light and heat in bodies is the cauſe of 
ſenſe, of dilatation, and of fluidity. But, 
inertia is inapplicable to theſe effects of light 
1 and heat, We are now to examine how 
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far there are flowing from light any, other 
effects, by which we might be led to attri- 
bute inertia, the property of heavy bodies, 
to this ſolar ſubſtance which we have been 
conſidering as light and heat. 


If light ſhall be conſidered as moving by 
its proper energy, in like manner as a heavy 
body falls, then it is properly a moving 
power, and cannot be ſuppoſed to be acting 
with incrlia, like a projected body. It may 
indeed be alledged, that we never can in 
this manner prove any thing with regard 
to the inertia of light, as we have not per- 
haps the means of knowing how far light 
moves with 1ts proper energy, or if it be 
moved by any other thing; but we may 
convert the argument, and reaſon thus: If 
light has not zneriza, then, in moving, it 
muſt act by its proper energy, and, conſe- 
quently, be a moving power, as we con— 
ceive to be the caſe with gravitation—a 
power of that kind which cauſes motion 
wherc motion did not exiſt, and not a paſ- 

ſive 


PA 


Sect. II. Heat, and Fire. 269 


five power or capacity. of communicating; 


the motion or velocity which it had acqui- 
red. 


If it ſhall be allowed, that we have now 
proved, from fact or experience, that the 
matter of light, when confined in bodies, 
has not inertia, or the capacity of receiving 
and communicating velocity, it muſt be 
concluded, that, When light moves from 
one body to another, or through' ſpace, it 
is actuated by its own proper energy, and 
therefore is not to be conſidered as a thing 
projected or moving with inertia. Here 
again there is an opportunity of having re- 
courſe to experience, or examining nature 
with regard to the fact, how far there is rea- 
ſon to ſuppoſe it to be true that light moves 
without inertia. For, having it in our power 
to examine the effect of moving light im- 
pinging upon bodies, as well as the circum- 
ſtances of bodies emitting light which had 
been in a ſtate of reſt, we may judge how 
tar the phenomena of nature are conform, 
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on the one hand, to that theory in which 
light is ſuppoſed to have no znert:a, or, on 
the other, to that in which inertia is ſup- 
poſed to belong to every kind of matter, 


Let us now ſtate the caſe. As the weight 
of the body, in which fixed light or the 
principle of fire reſides, is not affected by 
that phlogiſtic matter which 1s in its com- 


poſition, ſo neither is the inertia of the bo- 


dy affected by this ſolar ſubſtance which is 
in a fixed ſtate, But being diſengaged, by 
the decompoſition of the body, from that 
fixed ſtate, this principle of fire moves, in 
the quality of light, with the moſt amazing 
velocity. Here a queſtion naturally occurs, 
How far this moving matter ſhould be poſ- 
ſeſſed of inertia, as communicating that mo- 
tion to bodies which it meets, bodies which 
have the capacity of reſiſting and arreſting 
that moving ſubſtance. Here then is an 
opportunity given for trying the theory 
which has now been formed with regard 
to the principle of fire. 


The 
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The ſubſtance of light being found to 
have no weight, neither ſhould it have in- 
ertia and momentum; conſequently, it ſhould 
be incapable of tranſlating or imparting its 
progreſſive motion to bodies which it meets. 
But, if we ſhall find the ſolar rays to have 
any effect in protruding bodies upon which 
they impinge, here would be a manifeſt 
confutation of our theory. If, on the con- 
trary, the moſt moveable thing conceivable 


be not affected in that manner, by this ama- 


zingly ſwift moving ſubſtance, the new the- 
ory will have received every reaſonable 
confirmation. Here then we are to refer 
to experience. 


We have, in the light duſt of a chamber 
ſuſpended in the air, and infinitely more in 
the minute particles of ſmoke, bodies the 
moſt minute and the moſt moveable that can 
be imagined. Now if theſe bodies, expoſed 
to the impulſion of the ſun's rays, be not 
in any ſenſible degree moved in that direc- 


uon, but preſerve their place or move in 


their 
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their own directions, notwithſtanding the 
conſtant influx of the luminous fluid mo- 
ving with extreme velocity, we muſt con- 
clude, that thoſe bodies are not otherwiſe 
affected, except in being heated by the light 
which they extinguiſh or retain. But, ſo 
far as we can perceive, the rays of light, 
impinging on thoſe moveable bodies, have 


not the ſmalleſt effect in giving them pro- 


greſſive motion. 


It muſt not be here alledged, That, how- - 


ever minute thoſe bodies are, we may con- 
ceive the quantity of gravitating matter in 
them to be ſo great, in proportion to the 
rays of light, as to render the effect of im- 
pulſion a thing altogether imperceptible. 


This would be a mere ſuppoſition, not only 


deſtitute. of any ſhadow of reaſon, but plain- 
ly in oppoſition to every thing that we an 
gather from appearances. 


In the firſt place, if the effect of impul- 


ſion, where the velocity is ſo immenſe, be 
| 26 To 
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ſo imperceptible, How comes it, that the 
heat, excited by the extinction of a ſmall 
portion of that light, exerts a diſtending 


force that ſeems to be irreſiſtible? 


Secondly, if the ſolid matter in thoſe bo- 
dies bears ſo great a proportion in relation 
to the matter of light, How comes it, that 
the moſt hard and denſe tranſparent body 
tranſmits the light equally in every pollible 
direction, while the moſt rare fuliginous 
ſubſtance arreſts that light in every direc- 
tion *? 


Laſtly, though the quantity of light im- 
pelling one of thoſe minute bodies, during 
the ſpace of one moment, were fo ſmall a 
thing as not to have a perceptible effect, yet, 
in continuing for a ſpace of time, that ſeries 


of impulſions ſhould certainly protrude the 


body which, according to all appearances, 
ought to be extremely affected even by one. 
| M m Therefore, 


* See Diſſertations on Subjects of Natural Philoſophy. 
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Therefore, in ſound philoſophy, where 
no abſolute truth can be founded upon mere 
ſuppoſition, and where, in phyſical ſcience, 
our imagination goes for nothing without 
the teſtimony of external information, we 
muſt conclude, That light, moving with its 
immenſe velocity, whether tranſmitted, re- 
flected, or arreſted by bodies, imparts no 
progreſſive motion to them, conſequently, 
has no inertia, as we were led to ſuppoſe 
from our theory. | 


Let us now recapitulate what we have 
ſound with regard to this intricate ſubject, 
in order to draw a general concluſion. 


Firſt, it has been proved that there are 
certain phlogiſtic bodies in which there is 
contained a great quantity of the ſolar ſub- 
tance, in a ſtate which I have termed fixed 
lig i. Secondly, that this ſubſtance neither 
has gravitation, nor does it affect the weight 
of bodies, when 1n this particular modifica- 
tion. Thirdly, that this ſolar matter has 


no 
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no inertia, when moved with the heavy 
body. And now, laſtly, that when this ſo- 
lar ſubſtance, in moving with the velocity 
of light, impinges on a body, it then has 
no momentum or inertia, by communicating 
any of its velocity to the body; but, it is 
either reflected from the ſurface of the bo- 
dy, is tranſmitted through it, or arreſted in 
its ſubſtance, and thus affects the body in 
a ſenſible manner, but without giving any 
progreſſive motion. Here then the propo- 
ſition, which I had maintained in my Diſ- 
ſertations upon the Powers of Matter and 
Qualities of Bodies, in which I affirmed, 
That znertia belongs to gravitating bodies 
alone, and is always in proportion to their 
weight, is properly confirmed by experi- 
ment. 


We have alſo in this an explanation of a 


certain natural appearance, which is abſo- 
lutely inconſiſtent with the commonly re- 
ceived philoſophy of matter. For, light 
emerging from a burning body moves with 
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all that velocity, ſo far as we can perceive, 

with which it arrives to us from the ſun; 

but, ſuppoſing the matter of light inert, 
How comes it to acquire that amazing pow- 

er of being moved with ſo great velocity? 

It cannot be moved by its own energy, be- 

cauſe it is inert; and it cannot be moved, 
in that direction, by the action or impul- 
ſion of the gravitating matter with which 
it had been combined in the body; there- 
fore, we mult ſeek for a moving power, by 
which this fuppoſed inert matter may be 
actuated. But, to ſeek a cauſe for the mo- 
tion or propagation of light through bodies 
or through ſpace, is the ſame as to ſeek a 
cauſe for gravitation ; theſe are effects of 
nothing that we know, and, conſequently, 
can only be aſcribed to the Firſt Cauſe ; 
they are abſolute phyſical principles, or 
facts which, we have reaſon to believe, 


cannot be traced any higher in the ſeries 


of natural events. 


In the philoſophy again which we have 


no 


as 
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now ſupported, no ſuch difficulty occurs. 
According to that philoſophy, light is a ſub- 
ſtance moving according to certain laws, 
and for a certain purpoſe; therefore, when 


not affected or conſtrained by any other 


power, this ſubſtance, like that of gravitat- 
ing matter, moves according to its nature, 
that is, in obſerving thoſe rules by which its 
action is meaſured and directed. Here the 
appearance of light moving from burning 
bodies is explained, or conceived in conſiſ- 
tency with every other part of that philo- 
ſophy. But if we ſhall found any of our 
philoſophie reaſoning upon this principle, 
that inertia is a univerſal property of mat- 
ter, and not ſolely of gravitating bodies, 
then this appearance, of light proceeding 
from burning bodies, is a fa& altogether 
inconceivable, or irreconcilable with other 
facts in which we are all agreed. 


Mathematicians alledge, that the refrac- 
tion of light proceeds upon the principle of 
gravitation; and that the matter of light 
| muſt 
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muſt therefore be conſidered as a thing 
poſſeſſed of inertia, Let us now conſider 
that propoſition, 


Perhaps inertia is one of the qualities of 


bodies moſt difficult to underſtand, as it is 


commonly confounded with what are pro- 
perly moving and ne powers, which 
inertia 18 not. 


That bodies, which are moved by any 
power, continue to move in that direction 
and with that velocity which they had re- 
ceived, is a matter of fact, which is not 
theory; but when we come to make a 
theory of that fact, by generaliſing this ac- 
tion or this paſſion, it is then that we may 
either form a true or an erroneous theory. 
If we acknowledge inertia as univerſal to 
bodies which are heavy and reſiſt compreſ- 
ſion, we ſhall form a true theory, or one 
which will be conſiſtent with every other 
fact; but if we impute rmertia to any o- 

ther thing, to the matter of light for ex- 
ample, 
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ample, without having ſome direct or po- 
ſitive evidence for that fact, we ſhould then 
generaliſe improperly, and form a theory 
that might be found erroneous. 


According to the inveſtigation which I 
have made with regard to that ſubject, iner- 
tia is the law obſerved by nature, in the 
communication of velocity among moving 
bodies ; it is neither a moving nor reſiſting 


power, properly ſpeaking ; it is a paſſive 


power or capacity, in bodies, of mutually 


imparting or communicating their veloci- 


ties —Now this is a diſtinction that is ab- 
ſolutely neceſſary to be made, in a ſcience 


that treats of moving and reſiſting powers; 


and, natural philoſophy is much concerned 
to have no doubts left upon this ſubject; 


for, if inertia is to be attributed to the mat- 


ter of light, notwithſtanding of the evi- 
dence here given to the contrary, What 


truſt could be put in the ſcience of phyſics, 


where ſuch inconſiſtencies had occurred ? 


L 


— — 


— 
_— 


— 

— 

= —_—_ 
— 


— — 
—ͤ—ũ—)— — — — — 


— — 
—— . 
— 

* — 


— * 


— 
— 
— 


- == at 


—— — 


— 
— 


—— — —_ 
— — 


—— — —— 


—— — ” — 


— — ec VO I RI mromoInmus oo eo nwmny oy W——o—_ 0 


80 Philgſephy of Light, Part VI. 


I have endeavoured to ſhow (in Diſſerta- 
tions upon Subjects of Natural Philoſophy) 
that the refraction of light does not depend 
upon gravitation or the attracting powers 
of bodies, but that it is cauſed by a power 
of another kind which is ſituated at the 
ſurfaces of bodies. I ſhall now ſtate the 
caſe according to my view of the ſubje& 
and let thoſe who are of another opinion 
either do the ſame with regard to their 
view, or ſhow wherein I have taken an er- 
roneous ſtep in my reaſoning. 


Refraction is an affeQtion of light, when 
either entering into the ſurface of a denſe 
body, or emerging from it; therefore, in 


order to acquire ſome knowledge with re- 


gard to the cauſe of that affection, it muſt 
be proper to conſider other affeftions of 


the ſame kind which take place at the fur- 


face of thoſe bodies, 


A ray of light, falling upon the ſurface 


ef a body, either penetrates it, or, it is re- 
flected 


„ — . ©. as ac 


Sect. III. Heat, and Fire. 281 


flected from it; in this laſt caſe it loſes its 
former direction, and acquires a new one. 
But as this new direction may be oppoſite 
to the one in which it had moved before, 
this ray of light muſt be by us conceived 
as here reſiſted, as having its firſt motion 
deſtroyed, and as having a new motion gi- 
ven it in the oppolite direction. Now it 
is impoſſible that the gravitation of the bo- 
dy can act in this manner, ſo as to produce l 
that effect of moving from the body to 
which it had been directed ; therefore we 
muſt ſeek for the cauſe of this appearance 14 
in ſome other power. | 
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As the gravitation of the body is not the 
cauſe of reflexion for the incident light, 
neither is the hardneſs of the body, nor any 
other quality; for, the light is reflected | 
without coming in contact with the ſur- 
face of the body. Therefore, there muſt 
be a reſiſting and impelling power placed 
at« this ſurface, by which the light is re- 
flected in the oppoſite direction to that in 
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which it had arrived. 'This is the concep- 
tion which we naturally make according 


to our notions of projected inert bodies. 


But, it is only part of the light which is 
thus reflected; the reſt paſſes through the 
reflecting atmoſphere of the tranſparent bo- 
dy, and, entering the ſurface of the body, 
is tranſmitted through its ſubſtance as if it 
were a vacuum. We have therefore rea- 
ſon to conclude, that a ray of light, in paſ- 
ſing through this reſiſting atmoſphere which 
acts with perfect elaſticity, is firſt retarded 
in its velocity, and then accelerated as it 


leaves the impelling atmoſphere in entering 
the body “. | 


If 


* It is not here propoſed the giving a deſcription of 


an operation of which we only know the effect, and 
have not any principle perhaps by which to judge the 
mode of action, as we do with regard to elaſtic bodies 
which impel cach other ; and this expreſſion of an at- 


moſphere is only meant to illuſtrate this propoſition 
that it is not neceflarily by gravitation that refraction 


1 
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If that be the caſe, (as it is perhaps o- 
therwiſe inconceivable,) then, it is only 
when the ray of light paſſes through that 
atmoſphere perpendicularly that it may be 
equally impelled ſo as to preſerve the di- 
rection of its incidence. When it pene- 
trates in an oblique direction, it muſt be 
unequally impelled, in leaving the elaſtic 
atmoſphere; and it may thus be made to 
take a direction more inclined to the per- 
pendicular at that place, provided that at- 
moſphere be not perfectly uniform, but act 
with greater intenſity in that ſide which 
is in contact with the body, than in the o- 
ther by which the light was firſt reſiſted. 


Here then is a cauſe for change of di- 
rection, when this ray enters the ſurface of 
the body; and, if there is no other cauſe 
that may be aſſigned for this actual effect, 
we muſt conclude, that ſuch is the nature 


of 


is performed, but more probably by a power acting 
upon the oppoſite principle, -a power fituated at the 
ſurfaces of bodies, or where parts of different denſities 
take place. | 
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of this atmoſphere by which we are certain 


that light is reflected in approaching to the 
ſurface of bodies. 


I have ſhown (in the before mentioned 
diſſertations) that this reflecting and refrac- 
ting power, or atmoſphere ſituated at the 
ſurfaces of bodies, is not compoſed of the 
gravitating matter of this globe, but that it 
is a modification of the ſolar ſubſtance. I 
have there alſo given the reaſons for be- 
lieving that the progreſſive motion of light 
is not affected by the gravitating matter of 
bodies. But now another argument may 
be formed againſt the ſuppoſition of refrac- 
tion being the effect of a gravitating power. 
The rays of light are variouſly affected in 
refraction, that is to ſay, the ſeveral ſpe- 
cies are affected in different degrees, and 
different ſubſtances affect them varioully ; 
therefore, the cauſe of this deflection of 
light cannot be a power acting uniformly 
in producing its effect. But, the power of 
gravitation acts uniformly in producing its 
effects; 
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effects; for, all bodies, whatever be the na- 
ture of their ſubſtance, whatever be their 
weight, their volume, or their figure, fall 
equal ſpaces in equal times, How then 
could we ſuppoſe the different ſpecies of 
light ſo variouſly affected in refraction, if 


this deflection were cauſed by the power 
of gravitation ? 


Thus, in examining refraction, or the 
affections of light at the ſurfaces of bodies, 


we find no reaſon for ſuppoſing inertia a 


property of the ſolar ſubſtance. On the 
contrary, we can perceive nothing but ac- 
tion and reaction, moving and reſiſting 
powers, in all the various modifications of 
that ſubſtance which is propagated from 
the ſun, in order to aCtuate the inert bo- 
dies of this world. Therefore, we have 
every reaſonable confirmation of this fact, 
or phyſical truth, that the principle of fire 
has not weight; and alſo, that it has not 
inertia, either in its fixed or its moving 


ſtate, that is to ſay, it is properly a moving 


and 
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and reſiſting power, and not a thing en- 
dued with the paſſive capacity of being 
moved by the imparted velocity of another 
thing, or of imparting its velocity to bodies 
on which it ſtrikes. 


The general reſult of this phyſical in- 
veſtigation 1s to ſhow, that there is no rea- 
ſon to look for any thing inactive or abſo- 
lutely paſlive, except ſpace, which is unal- 
terable, and in which bodies are conceived 


to move; particularly, that there is no- 


thing abſolutely ſolid, or no ſolid which is 
abſolutely hard and incompreſſible ; and 
that all material things move, and are 
moveable, there being no reſt in any thing 
but in the places of ſpace, which bodies 
occupy in ſucceſſion. 


Here is a doctrine that muſt revolt the 
opinions of thoſe who found their phyſical 
ſyſtem upon an inactive, abſolutely hard, 
and abſolutely incompreſhble ſubſtance, of 
which natural bodies are to confiſt z—a 

ſubſtance, 
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ſubſtance, the idea of which is undiſtin- 
guiſhable from that of ſpace, except in this 
inconſiſtency, viz. that it is firſt made abſo- 
lutely inactive or inert; and then it is 
made active, as moving or changing its 
place in ſpace. Now there is no other 
way of reconciling that inconſiſtency, ex- 
cept in adopting moving and reſiſting pow- 
ers, in order to actuate that inert ſubſtance 
which had been inconſiderately founded 
upon as a principle, But, in that caſe, 
they leave nothing in their fundamental 
idea of matter but the property of ſpace, 
viz. that of being abſolutely paſſive, ex- 
tended, and unalterable in the order of its 
parts. This, no doubt, is an idea which is 
abſolutely neceſſary in natural philoſophy ; 
but it 1s an idea which 1s certainly inappli- 
cable to phyſical bodies. Of this, then, we 
have the teſtimony of nature, in oppoſition 
to our imaginations ; for, we have, in our 
experience, the poſitive information of ac- 
tion and change in every thing; and this 
is a fact, or principle, which we cannot de- 

ſert, 
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ſert, for one moment, without running in- 
to abſurdity or contradiction. 


If we ſhall thus lay aſide our groundleſs 
or inconſiderate notions, with regard to the 
hardneſs and ſolidity of matter and inac- 
tivity of material things, we may then take 
an enlarged view of the material univerſe, 
a view in which perhaps may be reconciled 
the inconfiſtent 1deas of body and mind, 
which are ſo often entertained by thoſe 
who reaſon upon phyſical ſubjects with 
metaphyſical principles, and upon meta- 
phyſical ſubjects with ideas which are only 
applicable to phyſical things; it is as fol- 
lows : 


Body in the abſtract, i. e. a thing con- 
ceived with a certain magnitude and figure, 


muſt be inert; for, ſo we have conceived 
it, and it is no otherwiſe than as we con- 
ceive; this thing, therefore, cannot change, 
although we have the power of changing 
our idea in conceiving various magnitudes 

and 
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and figures. Such a body as this is only 
a certain portion of ſpace, which we have 
imagined or conceived in a certain man- 
ner, by limiting the magnitude and ſpeci- 
fying the figure. But, to this. conceived 
portion of ſpace, let us give any power and 
energy, and then we have phyſical or ma- 
terial body; a thing which has moving 
and reſiſting powers, and which has alſo 
inertia, i. c. the capacity of giving and re- 
ceiving motion or velocity according to a 
certain rule,—viz. the reſpective weights 
of thoſe communicating bodies. This is 
the idea of znertia which I have given in 


diſſertations upon the powers of matter, 
&c. ; and I have now endeavoured to con- 
firm that theory by direct experiment. 


O0 PART 
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PART VII. 


Of the Solar Light compared with that of 
Fire. | 


Tur light which has been the ſubject 
of this diſſertation, is properly that which 
proceeds from fire or flame, and not the 
light which comes more immediately from 
the ſun. But now, having formed a cer- 
tain theory with regard to that light which 
we have examined, we may inquire how 
far thoſe qualities of light or that theory 


may be generaliſed, in being properly ap- 


plicable to all light. 


In the light which comes from fire, there 
are different ſpecies predominant, firſt, ac- 
cording to the nature of the burning ſub- 
ſtance, whether it is either on the one hand 
combuſtible, or on the other inflammable; 
and, ſecondly, according as the emitted 
light 


"__——_—_—C 


— F TTY | EY [ * 1 OE TP PRE 


Part VII. Heat, and Fire. 291 


light is of leſſer or greater intenſity. By 
this means there occur three different caſes 
for conſideration, or ſubjects to examine; 
theſe are, firſt, the light of greateſt intenſity, 
which is ſuppoſed to be white, as having 
leaſt particular colour; ſecondly, the light 
of combuſtible bodies in its leaſt intenſity, 
which is ſuppoſed to be red, as having that 
particular ſpecies predominant; and, laſtly, 
the light from flame, ſo far diminiſhed in 
its intenſity as to become of a blue colour. 


It is only the red ſpecies which has been 
here compared with the white or more 
perfect light; I call it perfect as having its 
juſt proportion of all the different colour- 
ing ſpecies which conſtitute that perfect 
light which we have from the ſun for the 
purpoſe of perceiving bodies. In this com- 
pariſon, we have found the white ſpecies 
as being moſt perfect or powerful, for the 
purpoſe of exciting viſion; but we have 
found the other moſt powerful for exciting 
heat, proportionally to its lumination. Now 

| theſe 
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theſe are the two material purpoſes for 
which the ſun illuminates this earth; and 
theſe are the two purpoſes for which the 
art of man has contrived to employ fire, in 
the abſence of the ſun, or in the defect of 
that great cauſe of light and heat. 


We may now conſider this conſtitution 
of light, the principle of fire, in the view 
of final cauſes ; for, unleſs we can perceive 
a purpoſe, in the ſyſtem of this world, for 
that effect of the compoſition, by which 
the ſeveral colouring ſpecies loſe ſo much 
of their heating power, and acquire that of 
illuminating bodies for the purpoſe of vi- 
ſion, we might be diſpoſed to doubt of the 
reality of that inveſtigation which has now 
been made, and to conſider thoſe appear- 
ances of light and heat to be ſtill anoma- 
lous ; eſpecially ſeeing that this ſuppoſed 
general rule has been concluded from an 
_ obſervation which is only partial, in a ſub- 


ject where there is ſtill room for much in- 
veſtigation. 


With 
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With this view, then, we are now to 
obſerve, that the conſtitution of things, in 
which the more ſimple ſubſtance of light is 
the moſt powerful for exciting heat com- 
paratively with its lumination, ſeems to be 
wiſely contrived for the purpoſe of this 
world or our animal oeconomy ; for, in 
abſence 'of the ſun, we thus moſt eafily 
procure heat, which is one of the neceſſa- 
ries of life. The uſe of light for the pur- 
poſe of viſion,” during ſhort intervals of 


darkneſs, even were it not otherwiſe to be 


ſupplied, is but a matter of ſecondary con- 
ſideration, or a mere convenience; where- 
as, heat is a neceſſary of life which cannot 
be diſpenſed with, even during the ſhorteſt 
interval. Therefore, every means for ob- 
taining a ſecurity for that end, and for pro- 
curing tae other benefits of heat from the 
operation of fire, exhibits the marks of wiſe 
contrivance in a benevolent deſign. 


The ſimple ſpecies, or different coloured 
lights, have not properly for object the 
moſt 


— — 
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moſt neceſſary purpoſe, that of ſeeing bo- 
dies, or perceiving magnitude and figure 
in external things, but the more refined or 
ſubſequent purpoſe, that of diflinguiſhing 
thoſe bodies which are perceived by light 
and ſhade, or by the compound white light 
contraſted with blackneſs or darkneſs. 'Thus 
the one has the more neceſſary purpoſe of 


viſion, and the power for that purpoſe in 


a high degree, or upon a moſt extenſive 
ſcale, while it has the power of heating 
proportionally in a leſs degree; whereas, 
the other has the heating power, as an ob- 
ject in the abſence of the ſun, in a high 
degree, or upon a more extenſive ſcale, 
while its power for giving viſion is dimi- 
niſhed, or decreaſes at a greater rate, be- 
cauſe the particular colour of objects is on- 


ly a ſecondary conſideration in the ſyſtem 
of viſion. 


In order to ſee this wiſe conſtitution, 
with regard to the nature of light, we have 
but to conceive things to be otherwiſe eon- 

trived, 
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trived, and that the compound light had 
been equaily powerful for exciting heat as 


it is efficacious in procuring viſion; in that 
caſe, according to the preſent conſtitution 
of our organs, either the heat, ariſing from 
the influence of the ſun upon this earth, 
muſt have been intolerable, or the neceſſa- 
ry heat deficient. But now, having the 
white or compound light ſo efficacious for 
viſion in perceiving bodies, and ſo much 
diminiſhed in its immediate heating power, 
we find a wile intention for the oeconomy 
of this world, which requires a great influx 
of light for the purpoſe of vegetation, as 
well as for that of rendering bodies viſible 
by means of light and ſhade. 


In the preſent conſtitution of things, we 
are enabled to ſee with the compound ſolar 
light, in ſuch a ſmall degree of intenſity, 
that, if this light had equal heating power 
in proportion to its intenſity, as that co- 
loured more ſimple ſpecies which we have 
been examining, we could not have ſuf- 


fered 
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fered the heat of the ſolar light or that of 
day; and if, on the other hand, the inten- 
ſity of that ſolar light had been then adapt- 
ed to our ſenſe of heat, it would have been 
diſqualified for affording that great latitude, 
which the preſent conſtitution admits of in 
the ſenſe of viſion. But having, by the 
diminiſhed heat of the ſolar light, the ca- 
pacity of employing it for viſion, from its 
greateſt intenſity when it is immediately 
from the fun, to that extremely diminiſhed 
intenſity from the reflexion of Jupiter or 
Venus, and having the heat, which comes 
from the light of fire, ſo much increaſed 
for the purpoſes of life, we muſt in this 
ſee the beauty of deſign, in which the 
means are wiſely choſen and the end bene- 
volently intended. 


I have been repreſenting the heating | 
power, of the white or compound light, to 
be increaſed as that perfe& light is ſepa- 
rated into its conſtituent parts, or, that the 
heating power of the more ſimple ſpecies is 

| diminiſhed 
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diminiſhed by their compoſition into per- 
fect light. But we may convert the pro- 
poſition, and maintain, That the luminat- 
ing power of the ſimple ſpecies, which are 
calculated for giving the ſenſe of colour, 18 
increaſed by their compoſition into perfe& 
light ; for, it is only comparatively, with 
their power of giving viſion in perceiving 
bodies, that their capacity for exciting heat 
has been eſtimated. It muſt be evident, 
that theſe two caſes of ſuppoſiti ill give 
the ſame appearances in our experiments, 
conſequently, that this event may be ex- 
prefled either in the one way or the other. 


Thus, the ſimple ſpecies in light, (which 
enable us to diſtinguiſh objects by giving 
colour to the ſenſe,) may be conſidered as 
increaſing their luminating power at a great- 


er rate in being united ; whereas, they loſe 
their luminating power more than their“ 
heating quality, in being ſeparated. But as, 
in burning bodies, there is found the means 
for ſeparating thoſe ſpecies, we thus ſind 
P p | a 
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à certain proviſion for heat, among bodies 
upon this earth, in abſence of the ſun, as 
well as white flame for ſupplying light. It 
is in this manner that there is procured 
much heating light, ſo uſeful in the ſyſtem 
of this world, —light which is radiating 
from bodies, without giving any viſion for 
perceiving objects. This then is that in- 
vi/ible light which we have been inveſti- 
gating, — a term which does not neceſſarily 
imply a contradiction. 


Animal heat being a ſubject of ſuch im- 
portance in the ſyſtem of this world ; and, 
fixed light, or phlogiſtic ſubſtance, being 
conſidered as the ſource of that heat, we 
may now examine how far this conſtitu- 


tion, of invi/ible light, ſhall be found con- 


nected with that operation in which animals 
procure their vital heat. 


The decompoſition or reſolution of phlo- 
giftic ſubſtances, by means of the oxige- 
nating proceſs of vital air, is now well un- 


derſtood ; 
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derſtood; but, according to the theory of 
fire, which has been here inveſtigated, that 
proceſs of reſolution muſt be as neceſſarily 
attended with the extrication of fixed light, 
as it is properly the forming cauſe of either 
carbonic acid, on the one hand, or of an 
aqueous ſubſtance, on the other, according 
as it is either the combuſtible or the inflam- 
mable materials, which are conſumed on 
that occaſion. 


Thus, in the production of carbonic acid 
or fixed air, we procure the means of in- 
veſtigating that operation of decompoſing 
phlogiſtic ſubſtance,—an operation which, 
we have reaſon to believe, is performed in 
the lungs of animals,—and an operation in 
which there muſt be acknowledged the ex- 


trication of fixed light, which is the 1 
of heat in fire. 


According to the theory of fire and phlo- 
giſton, upon which we now are reaſoning, 
the production of fixed air, ar carbonic 
acid, in breathing, affords the ſtrongeſt pre- 

ſumption, 
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ſumption, if not a dire& proof, that there 
is a burning proceſs in the lungs of animals. 
In that caſe, it muſt be the ſpecies of light 
which we have termed invi/ible, as having 
the power of heating without illuminating, 
which is made to emerge on this occaſion, 
when the phlogiſtic ſubſtance of the carbo- 
nic materials of the blood is decompoſed, 
by means of the vital air which is inſpired ; 
for, upon no occaſion is heat the immediate 
production of that burning or Oxigenating 
proceſs, ſo far as we know. 


Here then is a purpoſe, in the animal 
oeconomy, for that conſtitution of things, 
in which there is a heating ſpecies of invi- 
{ible light to emerge in burning under cer- 
tain circumſtances or conditions; and, here 
is a rational explanation, according to our 
principles, of animal bodies acquiring heat 
by means of reſpiration, or the breathing of 
cold atmoſpheric air,—perhaps it is the on- 


ly explanation that may be given for that 
phenomenon. 


That 
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3e 
That it is not the latent heat of che vital 
air, combined with the carbonic ſubſtance, 
that heats the lungs, mult appear from this; 
that there is no reaſon to attribute more 
heat to that condenſation of vital air (in 
making the moſt liberal allowance for that | 
heating power which is not known), than | 
what is ngcefJarily expended in this opera- 
tion of the lungs, for evaporating water and 
heating the expired atmoſphere; theſe are 
much more than ſufficient to compenſate 
| all the loſs of vital air, even ſuppoſing it to 
be concreted, which it is not, with the car- 
bonic matter. 


Therefore, there is perhaps every reaſon 

"to conclude, That the heat, acquired in the 

breathing proceſs, ariſes from the conſump- 

tion of phlogiſton; and, in that caſe, it 

muſt be allowed, that it is a burning opera- 

tion, and that it is Iight which here emer- 

ges for the purpoſe of heating bodies, and 
not for any purpoſe of illumination. 


It muſt not be here alledged, that we can- 


not 
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not ſuppoſe a burning ' proceſs to proceed 
with ſuch a ſmall degree of heat ;—we 
have many examples of ſuch a proceſs. 
One of theſe is the kindling of certain ve- 
getable and animal bodies, when, under 
proper circumſtances, they are ſufficient- 

ly heaped together. In this caſe, the fire 
muſt have had its beginning in burning 
with a ſmall degree of heat, and thus in- 
creaſing the heating cauſe, as we have 
ſhown to be the caſe in burning coals. 
That it is not any ſimple heating cauſe 
which in this caſe brings thoſe bodies to 
the ſtate of incandeſcence, when the fire is 
commonly ſuppoſed to begin, may be made 
to appear. In the caſe of hay, for example, 
there is no heat produced if the vegetable 
bodies are ſufficiently dry; but, if heat is 
produced in conſequence of a proper de- 
gree of moiſture, all the humidity muſt be 
evaporated long before the heat arrives at 
chat of boiling water; and then the heating 
cauſe would ceaſe. Now what a diſtance 
between this degree of heat and that which 


18 
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is the cauſe of bodies emitting red light vi- 
ſible to us? Therefore, it muſt have been | 
by an inviſible burning, begun in a low de- 


gree of heat, that thoſe vegetable bodies had | 
been brought to viſible fire. | 
| 


Animal and vegetable bodies, in a cer- | 
tain ſtate of rotting, as well as phoſphorus 1 
expoſed to the cold atmoſpheric air, exhibit 
the plaineſt marks of burning with the 
ſmalleſt intenſity of heat, and of emitting 
light in conſequence of the decompoſition 
of phlogiſtic ſubſtance. But, I have a proof 
much more direct, which I ſhall now com- 
municate. 


Having calcined pure ſaw-duſt in a cloſs 
veſſel, to make charcoal, I ſuffered the mafs 
to cool, to ſuch a degree as that the heat 
was hardly, if at all, ſenſible to my hand 
which was then immerſed in it ; yet, not- 
withſtanding this coolneſs or low degree of 
heat, the maſs gradually took fire while I 
was handling it. How long this charcoal 


would 
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would have continued in that kindling 
ſtate, if not expoſed to the atmoſpheric air 
by opening the veſſel, I know not ; it was 
the next day after the calcination that I 
opened it, and met with this unexpected 
phenomenon. 


In this experiment of the charred ſaw- 
duſt, it appears, that the carbonic matter 
had been oxigenated by the atmoſpheric air, 
— that the phlogiſton had been decompo- 
ſed, or the fixed light been thus liberated, 
and, that the charcoal bodies had been 
heated by the emerging light, which was 
then inviſible ; and, all this operation of 
burning performed in a degree of heat not 
exceeding the temperature of the blood. 
This burning operation muſt then have 
proceeded to increaſe the heat of the ſur- 
rounding ſmall charcoal bodies, by the ex- 
trication and emanation of inviſible light, 
until, by the progreſs of that ſecret fire, the 
ſolar fubſtance had been accumulated in 
heat, and the heat augmented to ſuch a de- 

Free 
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gree as to emit viſible light, at which period 
it appeared, to common obſervation, as 
burning. 


Now the queſtion is not How the illu- 
minating and heating powers of light in- 
creaſe and diminiſh, according to the con- 
ditions in which that ſubſtance acts, but if 
this truly be the order of event, from 
which we have been forming a concluſion 
with regard to the final cauſe. In phyſical 
things, it is only from the effect that ever 
we judge either an efficient or final cauſe. 
Now we have been inveſtigating a certain 
order of things; and we have reaſoned 
upon that order as matter of fact, which 
may be aſcertained ; in which caſe, the na- 
ture of light, or powers of that ſolar ſub- 
ſtance in relation to heat and viſion, may 
be demonſtrated, as well as that of gravita- 
tion, in which the intenſity of the power is 
variable with the diſtance. 


Thus the wonderful conſtitution of light 


Q q and 
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and heat (things always active and mutual- 
ly convertible), may be traced through 
many proceſles in the wiſe oeconomy of 
nature, or in the ſyſtem of this world, 
where ends and means are the proper ſub- 
jects of our ſcience. Here we find powers 
ſo well adapted to the purpoſe of life, and 
purpoſes ſo properly adjuſted in the ſyſtem 
of the univerſe, connected by gravitation 
and extended by light, that, in caſes where 
our ignorance and limited capacity occaſion 
our taking only partial views, we have 
no reaſon to ſuſpe& any defect of wiſdom 
in the contrivance, nor to entertain the 
leaſt diſtruſt with regard to the benevolence 
of the deſign. 


This reaſoning, with regard to the end 
or final cauſe of that conſtitution which 
we have found in light, is here intended, 
not only to excite our admiration in ſeeing 
the works of Nature, but allo to aſſiſt in 
directing our inquiry for the purpoſe of 


our ſcience, For, if we conſider it as in 


the 
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the ſyſtem of nature to diminiſh the heat- 
ing power of the colouring ipecies of light, 
in proportion as their luminous quality 18 
increaſed by their compoſition in jorming 
perfect light, or if their conſtitution be ſuch 
as to have their heating power decreaſing 
at a leſs rate, than that of giving viſion, 
when their intenſity is diminiſhed, then, it 
will be natural to look for the ſame conſti- 
tution in the blue light of fire, as we have 
found belonging to the red ſpecies, that is, 
to have a greater power of exciting heat, 
proportionally to its power of giving light, 
when it is compared with the white ſpecies. 
Now this 1s a thing which we have it in 
our power to examine; conſequently, here 
would be an opportunity of trying our con- 
jectured theory with regard to final cauſes, 
which can only be formed properly upon an 
inveſtigated law of nature. 


Thus, in order to complete this theory 
with regard to the conſtitution of lighr, and 
its final cauſe, it would ſeem neceſſary to 


find 
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find the other ſimple ſpecies of light from 
ſire, i. e. the blue ſpecics, alſo more power- 
ful for cxciting heat, comparatively with its 
power for viſion. This is a fact which I 
had intended to have aſcertained, by com- 
paring the blue light of flame with the white 
light, in the ſame manner as J have done 
with the red light of fire. The method I 
propoſed, was to procure a ſufficient light 
of this kind, by a conſtruction of lamps 
burning weak ardent ſpirit; and then to 
meaſure the heating power of this light by 
which I ſhould be juſt enabled to read; I 
could thus compare it with the heating 
power of the white light, from a wax can- 
dle, diminiſhed by diſtance to the ſame in- 
tenſity for procuring viſion, Here is a field 
for experiment, that I now leave to others 
to undertake. In the mean time, let us rea- 
{on upon the knowledge that we have pro- 
cured. 


So far as we have no doubt that it is the 
light of the ſun, compoſed of all the colour- 


ing 
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ing ſpecics, that is combined with the gra- 
vitating ſubſtances of this earth in the leaves 

of plants, for the production of phlogiſton 
the principle of fire, we have reaſon to pre- 
ſume, that the rules, which we have found 
with regard to the action and affections of 
the light of fire, ſhould be alſo obſerved in 
that of the ſun; but this preſumption, in 
order to become a phyſical truth or prin- 
ciple, requires ſome proof; and now the 
queſtion is, How far the means are to be 
procured for ſuch a proof ? 


The light of the ſun is perfect, white, or 
compound light; and now we want to com- 
pare its more ſimple ſpecies with that com- 
pound light, as to their powers of exciting 
heat, that is to ſay, whether the heating 
power of the {imple ſpecies is greater, in 
proportion to its power of giving viſion, 
than what ſhall be found in the compound 
light, as we have found to be the caſe with 
the light of fire. We have, therefore, firſt 
to ſeparate that compound light, in order 

to 
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to examine ſeverally its different ſpecies, 
and to meaſure their heating powers, when 
in the ſame intenſity for giving viſion, as 
that of the white compound light with 
which they are then to be compared. 


Now, we have two ways for ſeparating 
the colouring ſpecies of ſolar light; firſt, by 
the refraction of priſmatic bodies; and, ſe- 
condly, by means of the elective affections 
of light by colouring ſubſtances, in the 
tranſparent glaſs through which the light 
may be tranſmitted. The firſt would be by 
far the moſt perfe method, were it equally 
practicable as the other. But, in the ſecond 
method, we might eaſily procure both red 
and blue light, for the purpoſe of our ex- 
periment. How far our theory, with regard 
to the powers of light, ſhall be thus extend- 
ed to the immediate influence of the ſun, I 
ſhall leave to the determination of natural 


philolophers, who may undertake the taſk. 


The great intenſity of heat which is pro- 


cured 
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cured by concentrating the light of the ſun 
with a lens of glaſs, may perhaps be con- 
ſidered either as inconſiſtent with that ex- 
periment of M. Mariote, when he applied 
his lens to the light of fire, and found that 
he only thus procured a very ſmall degree 
of heat, or as proving the difference of thoſe 
two kinds of light, that of the ſun and that 
of fire. But, before ſuch a poſitive conclu- 
ſion could be formed, it would be neceſſary 
to have meaſured thoſe two things which 
are here compared, that is, the degree or in- 
tenſity of the ſun's light, and that of the fire 
light, which was concentrated by the lens. 
For, if the intenſity of the ſun's light as 
much exceeds that of the fire light, as the 
heat excited in the one focus exceeds that 
in the other, then ſo far from being found 
inconſiſtent, theſe two experiments would 
generaliſe the theory, with regard to light, 
which had been formed from the examina- 
tion of fire alone. 


I cannot determine how far this ſhall be 
found 
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found to be the caſe or not; but, this is 
certain, that the light of flame which ap- 
pears to us, in the night time, to be ſo 
bright or luminous, diſappears when im- 
mediately compared with the light of the 
ſun, We have a ſimilar example in another 
caſe. The intenſity of the moon's light has 
been moſt ingeniouſly eſtimated compara- 
tively with that of the ſun, and it is thus 
found that this light is of ſo ſmall a degree 
of intenſity, as to make the heat of its great- 
eſt concentration to be a quantity perhaps 
imperceptible to our feeling, although, be- 
fore that eſtimate was made, the moon's 
light had been thought to be ſo far different 
in its nature from that of the ſun, as not 
producing heat; whereas it is doubtful if 
this light of the moon does not give heat 
in the juſt proportion of its intenſity when 
compared with the light immediately from 
the ſun, 


This compariſon properly ſuggeſts a queſ- 
tion with regard to the power of concen- 
_ trated 
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trated light, for exciting heat in bodies, viz. 


What rule does the power of light, for that 


purpoſe, obſerve ?—lIs the heat to be con- 
ſidered as ſimply or uniformly increaſing 
with the concentration of the light; or, is 
it according to another rule, that is, at a rate 
which is either increaſing or diminiſhing ? 
Here is a queſtion of great importance in 
philoſophy. The reſolution of that queſtion 
might, perhaps, explain appearances with 
regard to different degrees of light, which 
otherwiſe ſhould ſeem to be anomalous. 


If we are to reaſon from analogy in this 
caſe, we ſhould clearly decide the queſtion, 
in affirming, That the heat excited ſhould 
not be ſimply increaſing aniformly with the 
concentration of the light, but at a rate which 


ſhould be ſtill increaſiug. 


In Diſſertations upon Subjects of Natural 
Philoſophy, I have ſhown, firſt, that the 
power of heat, both for evaporating and for 
diſſolving bodies in general, increaſes, not 

Rr uniformly, 
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uniformly, but at a rate which is ſtill in- 
creaſing. Secondly, I have ſhown, that the 
power of heat for dilating bodies, in which 
caſe it has to overcome the power of gravi- 
tation, does not increaſe only in the dupli- 
cate ratio inverſely of the diſtance, like that 
power which it then oppoſes, but at a rate 
which is ſtill higher; I have ſuppoſed it to 
be perhaps in the triplicate ratio. I have 
there alſo ſhown, that the uniting power of 
concretion increaſes {till at a higher rate. In 
this caſe, reaſoning from analogy, we ſhould 
be led to ſuppoſe, that the power of light, 
for exciting heat in bodies, ſhould not in- 
creaſe ſimply with the concentration or in- 
tenſity, but ſhould increaſe at a rate that 
were ſtill increaſing. 


In order to ſee the force of this analogi- 
cal argument, we are to conſider, that light 
and heat are two commutable modifications 
of the ſame ſolar ſubſtance, or of matter 
which acts upon the general principle of ſe- 
paration, i. e. of repulſion; therefore, what- 

ever 
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ever ſhall be found as belonging to the one 
may, in proper circumſtances, or ſo far as 
the nature of the modification admits, be- 
long alſo to the other. But we have found, 
that the matter of heat acts more powerful- 
ly as the diſtances between its ſeveral parts, 
or of the parts of the body which it is to 
dilate, are diminiſhed, and that not ſimply 
in the ratio of the diſtance inverſely, but at 
a rate that is higher than the duplicate ra- 
tio. Now, the concentration, of the rays 
of light, is no other than diminiſhing the 
diſtance, among the parts of light which are 
impinging on the body to be heated by the 
irradiation; conlequently, according to the 
analogy of the caſe, the power of light, for 
heating the illuminated body, may moſt rea- 
ſonably be ſuppoſed as increaſing, with the 
concentration of the irradiated matter, at a 
rate which ſhould be ſtill increaſing. 


In the ſcience of phyſics, analogical rea- 
ſoning leads properly to the making of ex- 
periment, by which the ſuppoſed principle 

of 
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of action, or phyſical truth, may be con- 
hrmed. Here, therefore, we are to inquire, 
how far there is any experiment, by which 
we might receive immediate information 
with regard to the ſubject now in queſtion, 
and by which our analogical reaſoning may 
be either confirmed or refuted. 


There is an experiment, which I have 
long conſidered as proper for that purpoſe; 
it is an experiment which hitherto has been 
conſidered as giving an appearance alto- 
gether anomalous, upon the principles or 
chymical philoſophy; but this I believe has 
been little conſidered by chymical philoſo- 
phers, It is an experiment which has given 
occaſion to mechanical philoſophers form- 
ing an argument, in refutation of the chy- 
mical doctrine that heat is a material ſub— 
flance; and, from this experiment, thoſe 
mechanical philoſophers have been much 
confirmed in their doctrine, with regard to 
heat being nothing but vibrations in the 
matter of bodies. I ſhall now give a parti- 


cular detail of this important experiment. 


Two 
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Two circular pieces of metal, ſuch as 
copper, are to be taken preciſely of the 
ſame diameter with that of the lens which 
is to be employed for concentrating the 
light. Theſe two equal metallic bodies are 
to be expoſed, at the ſame time, to be irra- 
diated by the light of the ſun, tranſmitted 
through a plain glaſs to the one, and through 
the lens by which the light is to be concen- 
trated in the middle of the other. 


Here, then, is a caſe in which two equal 
bodies, of the ſame metal, are receiving 
equal quantities, as near as may be, of the 
ſolar light, and are reflecting apparently the 
ſame quantity of light ; the only difference 
is, In this caſe, that the light is concentra- 
ted, and acts powerfully, or with increaſed 
intenſity, upon a portion of the one body, 
while the ſame quantity of ſolar light acts 
with a leſſer degree of intenſity upon all 
the ſurface of the other. Therefore, if the 
heating power of light increaſes equally 
with the concentration of its luminating 


power, 
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power, or the intenſity of that light, the 
general heat of thoſe two bodies, acquired 
by that illumination, ſhould be equal 
but, if the heating power ſhall increaſe 
at a greater rate than the luminous qua- 
lity, when the intenſity of this light is 
increaſed by the concentration, then, the 
body illuminated through the lens ſhould 
become hotter on the whole, or receive a 
greater quantity of heat than the other 
which receives the light of leſs intenſity. 


This experiment is one of thoſe which 
leaves no room for dubiety in the reſult ; 
the increaſed heat, of the body illuminated 
by the lens, is incomparably greater than 
that of the other, even when this laſt is ex- 
poſed to the ſolar rays without the inter- 
polition of any glaſs. Thus, our concluſion, 
from analogy, is confirmed ; and thus, the 
principles, on which we then had reaſoned, 


are farther proved, by an appeal to nature 
or matter of fact. 


This 
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This opens a new field for the making 
of experiment. For, if it can be ſo con- 
trived, to compare the heating powers of 
the light which comes from flame, in its 
ſimple and in its concentrated ſtate, as we 
have now done with regard to the light of 
the ſun ; and, if the red and blue coloured 
light of fire can be alſo thus brought to the 
teſt of experiment, we ſhould then have an 
opportunity of trying the juſtneſs of our 


theory, and of more and more exploring 
the nature and conſtitution of light. 


Whatever difference we may find be- 
tween the immediate influence of the ſun, 
and the light which proceeds from fire, 
when theſe are to be converted into heat, 
or when theſe are examined with regard to 
their heating and illuminating powers, we 
cannot doubt of this, that the ſource of all 
our ſenſible heat is from the ſun, and that, 
without the influence of that great lumina- 
ry, all fluidity would be at an end upon 
this earth, where every living thing would 

| be 
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be locked up in ſolidity and death. We 
muſt alſo be perſuaded, that, were the in- 
fluence of the ſun to be continually accu- 
mulated upon this globe, without abſtrac- 
tion or return from this earth, the heat 
would increaſe, and become as deſtructive 
of animal and vegetable life, as would be 
the cold without the influence of the ſun. 


But, beſides the immediate heat from the 
light of the ſun, there is another ſubject 
which requires the conſtant influence of the 
ſolar light. —Fire, and the conſumption of 
phlogiſtic ſubſtances, is a great and neceſſary 
operation in the oeconomy of this world. 
There is conſtant fire in the mineral regi- 
ons ;—hre which muſt conſume the great- 
eſt quantity of fuel; the conſolidation of 
the looſe materials, ſtratified at the bottom 
of the ſea, depends upon the heat of that 
fire; and, the permanency of the land of 
this earth, above the ſurface of the ſea, de- 
pends upon that conſolidation of the ſtrata, 
and upon the great maſſes of ſtone which 

had 


Part VII. Heat, and Fire. 321 


had been in a melted ſtate in the mineral 
regions. But, mineral fire muſt have for 
principle fixed light or phlogiſton, as well 
as the fire upon the ſurface of this earth, 
the nature of which we have been inveſti- 
gating. Where then is the ſource of this 
light to be conſidered as placed, or from 
whence is this light to come, for the pre- 
ſervation of this terraqueous world, —unleſs 
from the influence of the ſun? 


This is an argument which, to be ſeen, 
requires to have made many ſcientific ſteps ; 
and this is a ſubje& which it is not in the 
way of. every philoſopher to purſue. But 
now, I ſhall draw an argument from a ſub- 
Jett which is within the reach of every na- 
tural philoſopher,—a ſubject which it is ne- 
ceſſary to ſee, before that queſtion, now 
propoſed, can be properly reſolved. 


The conſtitution of animal bodies neceſ- 
ſarily requires phlogiſtic matter; for, thoſe 

bodies are chiefly compoſed of combuſtible 
80 and 
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and inflammable ſubſtances. At the ſame 
time, there does not appear to be any gene- 
ration of that neceſſary ſubſtance in animal 
bodies ; on the contrary, there appears to 
be a continual waſte of that ſubſtance, for 
the procuring of heat,—that heat which is 
neceſſary to animal life, and which, like that 
of fire, is produced by means of the oxige- 
nating operation of atmoſpheric air. But, 
animal bodies receive this phlogiſtic ſub- 
ſtance in their food, which is all ultimately 
of vegetable production. Thus we are led 
to look for the ſource of phlogiſtic compo- 
fition in the conſtitution of plants, for the 
growth of which the ſurface of this earth 
is ſo admirably contrived. 


Upon examining accurately this ſubject, 
the growth of plants, we find, that, though 
vegetation proceeds in the dark, by means 
of heat and moiſture, yet, no phlogiſtic 
ſubſtance is produced, in thoſe living grow- 
ing bodies, unleſs they are expoſed to the 
light of day; and, it is in the leaves of 

| plants, 
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plants, which are ſo properly contrived for 
the arreſting of light, that this phlogiſtic 
ſubſtance firſt appears. But, this is not 
all; for, inſtead of having any of their 
ſubſtances oxigenated by atmoſpheric air, 
as is the caſe with breathing animals, vege- 
tables ſecrete and emit that very oxigena- 
ting ſubſtance, when growing in the ſun, 
i. c. when, by means of the ſolar light, 
they are compoſing phlogiſtic ſubſtance in 
their leaves *. 


We have thus ſatisfactory evidence, That 
it is the light of the ſun which is here ſtored 
up in the ſubſtance of vegetable bodies, as 
fixed light, or phlogiſton, the principle of 
fire. Conſequently, however this light, of 
our fire, may appear to differ in ſome ſmall 
reſpects from that which comes immediate- 


ly from the ſun, we cannot ſuppoſe them 


as any way effentially different, but muſt 
conclude, that they are fundamentally the 


ſame, 


See Diſſertations upon Subjects of Natural Philo- 
{opby, Part II. 
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ſame, and that the light of the ſun, which 
is the principle of our fire, is continual- 
ly flowing into this planet, for the pur- 
poſe of actuating the terraqueous ſyſtem of 
this earth, and for enlivening animal and 
vegetable bodies. 


I have long entertained certain views re- 
ſpeQting the nature of light, which might 
here perhaps find a proper place; ſuch as, 
e. g. an inquiry into the nature of the ſeyen 
priſmatic primitive ſpecies in the ſolar light, 
compared with thoſe compound ſeparable 
ſpecies which come from bodies, and which 
give us ſimilar ſenſations as the priſmatic 
orange and green that are not ſeparable in- 
to more {imple conſtituent colours. But 
theſe inquiries are perhaps too ſpeculative 


or hypothetical to be claſſed with thoſe 
which we have been now econſidering, and 


with regard to which we have matter of 
fact to ſupport our theory. 


I now conclude this long diſſertation, the 
chief 
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chief object of which has been, to call the 
attention of philoſophers to that reaſoning 
in which the principles of ſcience are to be 
aſcertained, and natural philoſophy, which 
is founded on thoſe principles, of conſe- 
quence promoted. 


I have here endeavoured to ſhow the na- 
ture of fire, as a thing depending upon light; 
and alſo the nature of light, in burning bo- 
dies, ſo far as not depending upon the heat 
of fire, but as being the principle of fire, or 
cauſe of heat in burning bodies. This is 
contrary to the commonly received notions 
of natural philoſophers, who have always 
conſidered the light of fire as proceeding 
from the heat of bodies. It is perhaps the 
prejudice of this received notion which has 
led chymical philoſophers of late, amidſt 
their valuable diſcoveries, to attempt the 
explanation of fire upon a certain principle, 
. which, however true in itſelf and important 
in natural philoſophy, does not properly 
belong to that ſubject to which it was then 
inconſiderately applied. 


If 
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If not attending to the natural order of 
things, and neceflary conditions for the pro- 
greſs of our ſcience, we ſhall reaſon with 
regard to light and heat without analyſing 
ſufficiently our ideas upon the ſubject, ſo as 
to diſtinguiſh each of theſe from every other 
ſuch idea, we will only reaſon like the vul- 


gar in miſunderſtanding things, however 


ingenious may be the thought, or however 
learned in other reſpects may be our ſcien- 
tific language; and, in that caſe, the ſcience 
of phyſics would loſe that certainty which 
conſiſts in ſeeing evidence, or in judging of 
every ſtep by which the underſtanding had 
proceeded for knowing the nature of things. 
Now to attempt to philoſophiſe with thoſe 
vulgar notions, or unanalyſed ideas, leads 
only to the confuſion of our knowledge, 
and to the formation of theories inconſiſtent 
with the natural order of things, to aſcertain 


which is the proper object of philoſophy. 
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